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INTRODUCTION. 


In qlfering to the Public the present portion of the Asiatic Researches 
in a distinct and separate form, and in thus deviating from the mode of 
publication which the Society has hitherto adopted, it appears expedient 

to state briefly the circumstances which have led to the present arrangd- 

« 

ment, and the motives by which it has been recommended. 

Towards the close of 1827, several members of the Asiatic Society, 
who felt an interest in scientific enquiries, and who conceived that the 
ordinary Meetings of the Society were held at intervals too remote, and 
for purposes of too miscellaneous a nature to be calculated to promote 
scientific investigation, were induced to consider the most effective means 
to be pursued for the special furtherance of that object. On referring to 
the Minutes of the Society, it appeared that on the 7th of September^ 
1808, it was resolved, that “ a Committee should be formed to propose 
such plans, and carry on such correspondence as might seem best suited 
to promote the knowledge of Natural History, Philosophy, Medicine, Im- 
provements of the Arts and Sciences, and whatever is comprehended in 
the general term Physics and a Committee was formed accordingly, and 
Meetings were held, but they had for sometime past been discontinued. 
The formation of the Committee was, therefore, recalled to the notice of 
the Society, and on the 2d of January, 1828, it was resolved at a General 
Meeting, that the Physical Committee should be considered as in 

b 
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existence, and for the same purposes as formerly, exclusive of -Medicine, 
for which a distinct Institution had already been established. |||f|ilutions 
were, at the same time passed, empowering the Committee to elect its 
own officers, to frame its own rules, and to publish its proceedings as a 
distinct portion of the Asiatic Researches. 

Upon the organization of the Committee, communications were in- 
vited from various parts of Hindustan, and the Papers consequently re- 
ceived, arc now olfcred to the public. They are printed in the same form 
and type as the Asiatic Researches, of which they are an integral por- 
tion ; but they are so far distinct that they need not be necessarily incor- 
porated with the Literary Transactions of the Society. By giving them 
a detached and separate existence, it has been thought that they would 
be more likely to attract the attention of the readers to whom they are 
chiefly addressed, or individuals engaged in scientifle pursuits, than if 
they were associated with matters which ate more especially addressed 
to literary men, or to the general reader. 

The subjects to which the attention of the Physical C lass of the Asia- 
tic Society is principally directed, are the Zoology, Meteorology, Mincr- 
alogy . nnd Geology ^fjlindustan. To acquire an accurate knowledge of 
facts by observation and experiment, and to apply those facts to a synthe- 
tical explanation of particular phenomena, is the object of all Physical 
science. In those branches to which the attention of this class is particu- 
larly directed, facts may be accurately recorded even by the unseientific 
enquirer ; the connection of these facts and the deducing therefrom general 
conclusions, must be left to those whose habits of scientific combination 
and accuracy have qualified them for carrying on this last step in the process 
of induction. It was principally with the hope of collecting and recording 
with precision, facts, that this Class has been established. Scattered as are 
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our countrymen in the East, over so large a portion of the surface of the 
earth as(|i||^nexplored by science, the most common observer can hardly 
fail to notice phenomena that may be important for the purpose of Piiysi- 
. cal Research ; “ observationes hunt spectando id quod natura perse ipsaui 
sponte exhibet.” Boscovich. Few apparently as are the labourers in this 
vast held, it seems but little understood how competent those few are to 
make the most valuable additions to our knowledge. The Physical 
Class hopes to encourage the spirit of enquiry by the assurance that the 
labours of the observer will be no longer in vain. In order to assist 
persons unpractised in Geology, the Physical Class are about to 
republish Dr. Fitton’s instructions for collecting Geological specimens 
with additional directions, whi^ they are anxious to distribute as 
extensively as possible to all who have an opportunity of collecting speci- 
mens and forwarding them to the Society. It is with sincere gratification 
that the Members of .this Class are enabled to state, that although a year 
and a few months have scarcely elapsed since its re-establishment, 
communications have been received, affording ample materials for a conti- 
nuation of these Transactions, and that they have lost no time in placing a 
second part in the hands of their Printers. 

It may be necessary to add a few words upon the mode adopted in 
the following pages of expressing native names in Roman characters, es- 
pecially as they are mostly the names of places, which often assume a 
very different character in the text or maps of the present publication, from 
that which they wear in the most improved maps of Arkuwsmith or other 
Geographers. The system here adopted is that which is described by 
Sir William Jones, in the first volume of the Asiatic Researches, and 
which has been followed with very few exceptions in all the subsequent 
volumes, as well as in the Transactions of the Royal Asiatic Society and 
of the Literary Society of Bombay. The orthography of the common maps 
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GEOLOGY OF INDIA. 


Bv JAMES CALDEK, Eso. 


It is singular to observe that, while England is ever ready to engage in 
enterprises to explore the secrets of nature, even in her most inaccessible 
retreats in other quarters of the globe, she should have shewn such 
supineness and indifference respecting the Natural History of her eastern 
dominions. 

In the colonial possessions of other nations, the whole field of nature 
has been explored and described by scientific and enlightened travellers • 
whilst, in India, it has been almost entirely neglected, with one splendid 
exception, in which the munificent patronage of the East India Company 
has enabled a distinguished Member of our Society to make magnificent 
discoveries in the vegetable kingdom. May we not hope that the same 
patronage may be extended to other departments of Physical Science, and 
that, as Indian Botany has found its Linn^us, we may yet see the trea> 
sures of the Animal and Mineral kingdoms unfolded tons by a Humboldt 
and a Cuvier. 
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In theiiel^f G«al«gy^4M()e£4l, progress has been made, 

which the supjiintciriiiig «ik}Y>f4kei^aWhted Voysey promkuid to ripen 
into a rich harvest : fatally, however, for science, this ardent philosophic 
inquirer was a martyr in the cause to which he was devoted. His loss 
can only be duly appreciated by those who are aware of the great local 
knowledge and experience which he possessed, added to his general, scien- 
tiiic acquirements, which so peculiarly qualified him for the task he had 
undertaken. TTie labors of Dk. Voy.sey (which, had life been spared to 
him, a short period of time would have matured,) arc not altogether lost. 
Some of his journals arc in the possession of those who know how to 
estimate their value, and who, it is hoped, will be enabled to present the 
matter they contain to the public in as perfect a form as the incom- 
plete state of the mafcrials will pennit. Availing ourselves partly of these 
materials, and of tlie scanty notices already in print, and the communica- 
tions of the few valuable explorers now zealously engaged in scientific 
reseai'ch, a few remarks may here be offered, by way of conveying some 
general view of the little we can yet pretend to know of the geological 
outlines of the vast field in the centre of which we are placed. 

Casting our eye over the map of India, we are struck with the grand 
and extensive mountain ranges which form the principal boundaries. On 
the north we have the stupendous chain of the Himalaya^ extending 
from the confines of C/tim to Caskmir, and the basin of the Oxns; that 

vast accumulation of sublime peaks—the jiinnacles of our globe is so 

extensive, that a plane, resting on elevations of 21,0(M) feet, maybe stretch- 
ed in one direction as far as the Hindu Cok, for upwards of 1000 miles, 
above which rise loftier summits, increasing in height to nearly 6000 feet 
more. Primitive rocks alone have been found to compose all that has 
yet been explored of the elevated portion of that chain; gneiss being, 
according to Captain Herbert, the predominating rock, along with granite, 

mica-shist 
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mica-shist, homblende-shist, chhriie-skfe and crystalliite lime-sUm; on these 
tepose clay-shte, and Jlinty-date, and towards the base M'e tind sandstone 
composing the southern steps of the chain, and forming the N. E. barrier 
of the valley of the Jumna and Ganges, by which, and the diluvial plains 
of Upper Hindostan, this great Zone is separated from the mountain 
ran^s of the peninsula. The opposite, or southern boundary of this 
valley, is of the same rock. • Advancing to the south, we come to three 
inferior mountain ranges, on which the peninsular table land of India 
may be said to rest, or more properly, to which it owes its peculiar form 
and outline. We may consider these ranges separately, as the western or 
Malabar, the eastern ot Coromandel, and the central or Vindhya. 

The principal in elevation, and most remarkable in continuity of 
extent, is the western range, which commenctes in Candesh, and runs along 
the Malabar coast, within a short distance of the sea, in an unbroken 
chain, to Cape Comorin, ex<reptiug where it is interrupted near its 
southern extremity, by the great chasm ^hich opens into the valley of 
Koimbel^r. The direction of this range deviates but little frbra north and 
south, bending a little eastward towards its southern extremity ; its eleva- 
tion increases as it advances southward, the highest points being probably 
between latitudes 10 ® and 15 ® N. where peaks of granite rise to 0000 feet 
and upwards.* The northern extremity of this range is entirely covered 
by part of the extensive overlying trap formation, to be inore particularly 
described hereafter ; extendingf in this quarter, from the sea-sliore of the 

northern 


* In Mr. Babington'i paper, in the 5th volume of the Geological Society 'i Transactions, the 
height of one peak, Bonanon hill; is stated to be 7000 feet abov^ the sea, and in a recent descrip- 
tion of the Ndgiri region, by Dr. Smith Young, the peak of Dodapa, situated betireen 11® and 

18® S. Latitude, and 76® and 77® E. Longitude, is said to rise to an elevation of 8700 feet it is 

to be regretted that we have no published report of heights, by actual geometrical or barometrical 
nieasurenlents, of the principal summits of the mountain ranges of the peninsula. 
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northern Cowan, to a considerable distance eastward above and beyond 
the Ghats, as far perhaps as the river Tumboodra and Nagpore. These 
rocks assume all the various forms of basaltic trap, passing from the 
prismati^Oind columnar (of wliich'^’ some fine specimens are to be seen 
opposite to Bassiu, near Bombay) into the globular, tabular, porphy- 
ritic, and amygdaloidal ; the two latter containing an interesting ^rie- 
ty of included minerals peculiar to such rocks. The landscape here 
exhibits all the characteristic features of basaltic countries. The hills 
rising abruptly in perpendicular masses of a tabular form, or in mural 
terraces, piled on eiich other, like great flights of steps leading to some 
giant’s throne, are frequently separated by immense ravines — the whole 
clothed with luxuriant forests of teak and other trees, producing some of 
the most beautiful and romantic scenery of India. The elevation of this 
part of the range seldom exceeds 3000 feet ; but advancing to the south, 
its height gradually increases, and granitic rocks begin to re-appear, rising 
above the surface between 17° and 18° N. Latitude, and from thence, proba- 
bly, continuing to form the summits of the chain, with little interruption, 
all the way to Cape Comorin. In nearly the same parallel of latitude, this 
trap formation is observed to terminate also on the sea-coast, a little to 
the north of Tort Victoria, or Jiankot, where it is succeeded by the iron- 
clay or lalcrile,t (a contemporaneous rock associating with trap ) which 

from 


* \Vc owe the first notice of this interesting Rock, w^ich may, perhaps, be considered as pe- 
culiar to the Geology of this country, to Dr. Francis Buchanan, who gives the following description 
of it in his travels, vol. S, p. 440. “ What I have called indurated clay, is not tlie mineral so called 
“ by Mr. Kirwan, who has not described this of which I am now writing. It seems to be the Argilla 
“ Lapidea of W allerius I. 395, and is one of the most valuable materials for building. It is diffused 
“ in immense masses, without any appearance of stratification, and is placed over the granite that 
“ forms the basis of Malayala. It is full of cavities and pores, and contains a very large quantity of 
“ iron, in the form of red and yellow ochres. In the mass, while excluded from the air, it is so soft, 
“ that any iron instrument readily cuts it, and is dug up in square masses with a pick-axe, and imme« 
“ diately cut into the shape wanted, with a trdwel, or large knife. It very soon after becomes as hard 
" as brick, and resists the air and water much better than any bricks that I have seen in India. ] 
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from thence extends as the overlying rock, with little interruption, to the 
extremity of the peninsula, covering the base of the mountains, and the 
whole of the narrow belt of land that separates them fron^he sea, 
exhibiting a succession of low Iroundef hills and undulations, Md repos- 
ing on the primitive rocks, which occasionally protrude above the surface, 
as mt Malwan, Calicut, and some other points, where granite, for a short 
space, becomes the surface rock ; from the main land, the laterite 
passes over into Ceylon, where it re-appears, under the name of KMk, 
and forms a similar deposit, of some extent, on the shore of that island. 
Passing onwards from the western, or MaMar coast, round the extremity 
of the peninsula, we leave this extensive iron-clay formation, and crossing 
the granitic plains of Travancore, which are strewed with enormous blocks 
of primitive rocks, we arrive at the termination .of the chain. Here the 
eastern and western ranges appear united, and, converging to a point with- 
in about twenty miles of Cape Comorin, end abruptly at the Amboli pass 
in a bluff peak of ^ramte, probably about 2000 feet high, from the base 
of which a low range of similar rocks, forming a natural barrier to the 
kingdom of Travancore, extends southward to the sea. It is to be re- 
marked however, that the junction of the two great lateral ranges, (viz. 
the Malabar and Coromandel,) seems to take place at theNilgherry hills, 
which rising into the loftiest summits of the peninsula, foftn the southern 

boundary 


“ have never obierved any animal or vegetable exuvia conuined in it, but I have heard that luch 
« have been found immersed in its substance. As it is usually cut into the form of bricks for build- 
" ing, in several of the native dialects, it it called the brick>stone (Itica Culla). Where, however, 
*' by the washing away of the soil, part of it has been exposed to the air, and has hardened into a 
« rock, its colour becomes black, and its pores and inequalities give it a kind of resemblance to the 
“ skin of a person affected with cutaneous disorders ; hence, in the Tamul language, it is called Shuri 
•< Cull, or itch-stone. The most proper English name would be Laterite, from Lateritis, the appel- 
“ lation that may be given to it in Science." It is observed alto on the shores of Sumatra and the 
Straits of Malacca, reposing on granitic rocks, particularly at Malacca, wher« that formation extends 
many miles inland, corresponding, in all respects, with that of the Malabar Coast. 

C 
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boundary of the great table>land and the northern barrier of the remark- 
able valley of Koimbatur, from the opposite side of which proceeds the 
contina^on of the mountain chains in (me central range to the southern 
extremity, as already described. %he whole of this western chain, and 
the narrow coast which lines its base, is rmarkable for the absence of 
livers and vallies of denudation, and, consequently, of alluvial plains or 
deposits of any extent. The precipitous sides of the mountains rising in 
some places, (to the south of Goa,) almost from the sea, are, nevertheless, 
covered in general by forests of the tallest trees and impenetrable jun- 
gles, which admit of gaining but a vague and scanty knowledge eitha 
of their geological features, or the mineral treasures with which they may 
abound. 

The Island of Ceylon presents so much the appearance of having 
once formed part of the Continent of India, and there is such a striking 
similarity in the nature of its principal rocks (which are chiefly primitive,) 
to those of the mainland immediately opposite to it, that some notice of 
its geological structure should not here be omitted, of which Dr. Davy’s 
valuable work afibrds the following interesting and scientific description. 

In CeylKi, nothing is to be Observed of that order of succession (rf 
rocks that occurs in Saxony and England, and many other parts of 
Europe. Uiiifunuiiy of furiiiuliuu is the most remarkable feature in the 
geological structure of the Island; the whole of Ceylon, with few excep- 
tions, consists of primitive rock unconnected with any other class of rocks, 
exclusive of those of very recent formation. Another remarkable geolo- 
gical circumstance is, that though the varieties of primitive rock are ex- 
tremely numerous, almost infinite, yet tbe species are very few and sel- 
dom well defined. 


“The 
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“ Tbe moBt joeKruling cpecies is grtmiu ot gneiss, the jaove limited 
Sixeguartz rock, hornblende rock, andiofomtte rock, and a few others which 
may be considered under the head of embedded minerals. 

“ The varieties of granite and gneiss are innumerable, passing often 
from one into another, and assuming appearances for which, in small 
masses, it would be difficult to find out appropriate names, depending on 
composition and the proportions of the elements— or addition of new 
ingredients ; regular granite is not common, graphic granite still rarer, it 
occurs at Trincomalee — ^neither is sienite common, it occurs in the Can- 
dyan provinces. Well formed gneiss is more abundant than granite, it 
frequently consists of white felspar and quartz in a finely' crystalyzed 
state, with layers of black mka, containing numerous crystals of light 
coloured garnets. A similar rock is found on the opposite Continent, in 
the mountains at Cotallum, and affords one amongst other evidences of a 
conformity, if not indentity, in geological character. Both the granite and 
gneiss of Ceylon, are much modified by an excess or deficiency of one or 
other of the ing^dients. When quartz abounds in a fine granular state, 
^e rock looks like sandstone. When felspar or aduJaria abound, it ac> 
quires a new external character. This variety is common, and in some 
places it contains so much of these minerals that it may b| called adularia, 
or felspar rock. When mtca prevails in gneiss, (which is rare) it acquires 
not only the appearance, but very much the structure of mica slate. 

The more limited varieti^ of primitm rooks, as quartz, hornblende, 
and dolomite rock, seldom occur in the form of mountain masses. The 
rocks of recent formation are limestone and sandstone. The former is con- 
ffned to the northern shore of the Island, where it appears to be still form- 
ing in the coral shallows of the adjoining sea. The other, (sand-stoue) a 
rock of pretty geneml occurrence along the shore of the IslaiOd, which it 

may 
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It is to the obsemtions of Drs. Heyhe and Votsey, that ve owe all 
the infbrmation we yet possess of the rallies of.the Penmr, the Krishna, 
and the Godavari rivers. This interesting tract of country is not more re* 
markable as the ancient source of the most valuable productions of the 
mineral kingdom, being the repository of theGolconda diamonds;— than 
for the extraordinary geological features which it presents. The Nilla 
Malta range of mountains, in which the diamond- breccia is found, is 
described by Dr. Voysey, as exhibiting a geological structure, that can* 
not easily be explained by either the Huttonian or Wernerian theories, 
the different rocks being so intermixed with regard to order of posi* 
tion, each in its turn being uppermost, that it is difficult to give a 
name to the formation that will apply in all places: the clay-slate forma- 
tion is the name he has adopted, under which are included clay-slate, every 
variety of slaty lime-stone, sand-stone, breccia, Jlinty-slate, hom-stone- 
slate and a tu/aceous lime-stone, containing, embedded in it fragments, 
(rounded and angular) of all these rocks — all passing into each other by 
such insensible gradations, as well as by abrupt transitions, as to defy 
arrangement, and render description useless. It is bounded by granite, 
which passes under it, and forms its base, some elevated points, such as 
Naggery Nose, having only their upper third composed of sand-stone and 
quartz, while the basis is generally granite or sknite. 

The rocks above enumerated, with beds of compact lime-stone, resem- 
bling lias, of various colours, and the addition of the iron-clay and basaltic 
rocks, occupy extensive portions of the valleys of the Krishna and Qoda- 
veri, covered in some places by the black trap soil ; a siemtic granite how- 
ever, composed of hornbknde, and sometimes mica, with quartz, felspar, nisA 
garnets, interspersed, forms the basis of the ranges that separate these 
rivers. From Condapilli northward, the granite is often penetrated, and 
apparently hjNtved up by injected veins or masses of trap and dykes of 

greenstone. 
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greeH'Sfme. We hope soon to be enabled to lay before the Society, a de> 
.tailed description of these formations, accompanied by sections of the 
strata between Madras and Hyderabad. The waters of the Krishna and 
Oodaveri expand as they approach the sea, dividing into numerous 
branches, and depositing their alluvial contents during inundations over 
the low level tract that separates them : these deposits consist, according 
to Dr. Heyne, of a black earth, resting on indurated marl, and composed 
partly of the debris of trap rocks, but chiefly of decayed vegetable matter, 
yielded by the extensive forests through which these rivers flow. Here 
may be noticed a characteristic difference that marks the alluvial deposits 
of the principal river of the south— the Caveri. This river, flowing in a 
long course through the Mysore country, over an extensive and generally 
barren surface o( granitic rocks, with scarcely any woods or jungle on its 
banks, seems to bring down little or no vegetable alluvium ; but a rich 
clay, produced by the felspar, which predominates in the granites of 
the south, intermixed with decomposed calcareous conglomerate, render- 
ing the plains of Tanjore the most fertile portion of the south of India. 

Passing on to Vizagapatam and Oanjam, granitic rocks, chiefly syenite 
and gneiss, predominate, and are occasionally covered by laterite. The 
granite of Vizagapatam assumes a new and singular appearance, being 
small-grained, and intermixed with amorphous garnets, in rounded grains, 
or specks. This peculiar rock passes into , the Province of Cuttack. 
The only information we possess regarding that interesting district, 
is derived from Mr. Stirling’s valuable paper in the last' volume of 
the Asiatic Researches. Rocks of the granitic class form the basis and 
principal elevations of this district; some of them are remarkable for 
their resemblance to sandstone, and abounding in imperfectly formed 
garnets, disseminated throughout, with veins of steatite. Here some traces 
of coal have recently been discovered, which is likely to be produc- 
tive« and gold is found in the sands of the MaharuM, brought down 

probably 
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probably from the valley of Sambhdlpw. We next trace the lattrite, as 
the overlying rock, through the district of Medinipur, and thence con- 
tinuing northward by Bishenpur and Baneora to BirbMm, reposing 
sometimes on sandstone, but more frequently on granite or gneiss. At 
Baneora, the calcareous concretion called Kankar, begins to cover the 
surface of the granitic and smile rocks, which rise above the surface to 
considerable elevations in that district. 

Thence we pass on to the great coal field that occupies both sides 
of the river Damoda. The boundaries of this formation have not yet 
been accurately ascertained : to the southward we trace its associating 
rocks (sandstone and shaks) to within a few miles of Raghun&thpur, re- 
posing on granite and «ientte— about forty miles north by east; from that 
place we come to the first colliery ever opened in India. The late Mr. 
Jones, an enterprising miner, had the merit of commencing these works 
in 1815, at a place called R&n'i Oanj, on the left bank of the Damoda. 
Mr. Jones describes this as the N. W. coal district of Bengal : he states 
that he observed the line of bearing for sixty-five miles in one direction, its 
breadth towards Baneora, (on the S. W. side) being not more than eleven 
or twelve miles from the river ; and he conjectures that the same coal 
formation crossing the valley of the Ganges, near Catwa, unites with that 
of Splhet and Cachar, which he denominates the N. E. coal district, and 
from which abundant specimens of coal have been produced. An accu- 
rate survey of this extensive and valuable deposit seems to be called for, 
by obvious considerations of the most important'public advantage. 

The principal rocks that compose this formation are varieties of 
sandstone, slateslatf, and shaks, with occasional dykes and veins of trap 
vtid greenstone ; the shale immediately covering the coal, abounds with 
vegetable impressions, and some animal organic remains ; amongst these. 

Dr. 
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Dr. VoYMT distingtiished a phytoUthus, a calamite, a lycopodium, and one 
specimen of a gigantic species of patella. The shale passes into skde-clay, 
above which succeeds a gritty, micaceous, hrownish^grey, sandstone, here 
and there becoming indurated and slaty — this : forms the surface rock all 
over the coal district, rising into low round • topt hills and undulated 
grounds. In the coal pits (three in number,) which have only yet been 
sunk to a depth of about ninety feet, seven seams of coal have been met 
with, one of which exceeds nine feet in thickness : the quality of the coal 
(which is now consumed largely in and about Calcutta,) somewhat resem- 
bles the Sunderland coal, but leaves a larger proportion of cinders and 
ashes. 

« 

Proceeding northward and westward, from Bancora, and the Da- 
moda river, the road to Benares passes over granitic rocks, of which the 
ranges of hills on the left, and the whole country, as far as the Sone and 
round by ShirgMti and Gaya, is probably composed. On approaching the 
Sme river, and crossing the hills behind Sasseram, sand-stone begins to 
appear, and continues to be the surface rock, with probably only one con- 
siderable interval, all the way to Agra, forming, as before noticed, the 
southern barrier of the valley of the Ganges and Jumna; that interval oc- 
curs in the low lands of Bundelkhand, where the remarkable isolated hills, 
forming ridges, running S. W. and N. E. are all granitic, the high lands 
being covered with sand-stone. This brings os back to the rocky plains of 

s 

Upper Hindustan, and to the last of the three principal mountain ranges 
first alluded to. The Vindhya Zone, crossing the Continent, from east to 
west, may be said to unite the northern extremities of the two great ranges 
already described, which terminate nearly in the same parallel of latitude, 
forming, as it were, the base of the triangle that elevates the table land 
of the peninsula. This great chain, yielding little in classical character 
to the Him&laya, intersects the heart of the country, and is distinctly 

E traceable. 
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trae^aWe, even in our very imperfect map*, running about S. W W, from 
tbe pointcalled the Bow^erA hills, towards Guzerat: this range has numer- 

ousdivisions and a multitude ofnames, almost every district giving a change 

of denomination, but to the eye of a Geologist who considers things on an 
extendedscale, there is a parallelismin the disjointed parts, and a general 
connection and dependence on the central range; the substrata prove this 
fact, for in every case they preserve that parallelism. The great surface 
formations of central India and the Dekhin, are the granitic, (includi g 
always gneiss and sienite) the sand~sUme, and the owrJying rocks , the latter 
exceeding in their extent those of any other country. The basallie trap 
formation extends northward all over MaJwa and S&gar, and eastward 
towards -So%pMr and Amerakqntak ;* thence proceeding southward by 
Nagpur, it sweeps the western confines of Hyderabad, nearly to the 
fiftewith parallel of latitude, and bending to the N. W. connects with the 
sea near Fort Victoria, as already noticed, composing the shores of the 
Conem northward, all the way to the mouth of the Nerbadda, covering an 
area of upwards of 400,000 square miles. It overlies sandstone in the dis- 
trict of Sbgar, and hence may be inferred, that a portion of it at least is 
posterior to sandstone: it possesses the common property of trap rocks in 
general, viz. that of changing the nature of every other rock which comes 
in cmitact with it ; and in the district of S&gar, it is always associated 
with an earthy Umstone, which semns to have undergone great change, 
strongly indicating the agency of heat. According to Captain Fbanxhn> 
the sandstom deposits are very regular both in their deposition and 
geological character, and cannot well be mistaken; their general pa- 
rallelism to the horizon, and their saliferous nature, appear to him to 
Identify them with the new red sandstone of England, whilst the redimn'le,, 


* ll U expected, that the nmiti of thil eaitern deposit of Onp will loon be more acuntcly 
delHBintd by Captain Fbanklin. 
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aod it» saperineoittbeiit 'mriegate^ or mottled varietf, (called by Werner; 
hu»ter~$aml-stem,) together with the deposito of Iks hm-skne, place the 
natter almost beyond a doubt. In using the term new red how* . 

efer, it must be understood, as it is in England, to comprise all that series 
of beds which intervenes between the Iks Umestone and the coal masuresp 
admitting which, he conceives that the water-falls of BundetkhoMd, which 
occur in the lowest steps of the Vindkya nmge, will afford a series of for- 
mations corresponding perfectly with those of England; and to that 
school, therefore, our attention should be directed, in order to arrive at 
satisfactory conclusions regarding it. 

On the western side of India it is, as we have seen, covered by over 
lying rocks, as atiS^gor ; it appears, however, flanking the large primitive , 
branch which rums to Udaj/pur, on the side of Ouzerat ; and to the north 
it sweeps into the desert to an unknown extent. A paper of Mr. Fraser’s, 
in the ^ndon Geological Transactions, proves this foct, even if we had 
not the more substantial evideiiee of rock-salt, which is there produced in 
abundance. , 

The next of the great surface rocks of central India, is large-grained 
gramte, frequently passing into gneisSf genmully composed of quartz^ Jlesh- 
cohuaed felspar, a little brown or black mkaosidhonMendei it varies„how- 
ever, in appearance, and also in ^ proportion of its constituents f but, 
generally iqmaking, it contains' large crystals of/e&par,and is, consequenb' 
ly, much subject to decompositioa^ Captain Fbanklin has specimens 
shewing its unequivocal passage into green~stone, and, in some instances, 
it resembles porphfrf^ as in a smali wafer course at the foot of 

the Bairatn^as^ Ohat, in Bttnddhiasul: it sometimes also, he observes, 
resembles eaphotide, and, in many cases, it would be difficult to decide 
whether it be gramtt or sietute;. this circumstance renders it desirable ttet 

it 



16 


GENERAL OBSERVATIONS ON THE 


it should receive further examination: itextends all over the southern part 
of the peninsula, after the trap and sandstone, disappear, and it lies so 
near the surface that it is constantly protruding j through the superior 
strata all over India, all the valleys of denudation bring it to light, and 
the plains of Sundelkltand are entirely composed of it; the veins of quartz 
rook, with which it is constantly associated, forming, in general, the spine 
of the hills. 

The vallies of denudation are almost the only places where the pri- 
mitwe stratified rocks can be observed with advantage, and even there it 
is rare to obtain a good section of them; it is not because they do not 
exist in India, as in other countries, it is because they are, for the most 
part, buried beneath a mass of superincumbent trap ; still however, there 
are occasional spots where they are found in situ, as in the Udaypur 
branch of the primitive chain, the small primitive ramification on the 
verge of the trap near Jabalpur, and many other places not necessary 
to mention ; but the vallies of denudation sometimes exhibit a series, as in 
the bed of the Nerbudda river, at Beragerh, near Garrah, and it is there 
chiefiy that these rocks can be studied advantageously. 

With regard to the rocks of more recent formation than sandstone, 
India is peculiarly barren; but this circumstance, above all others, renders 
its geology interesting— if it be in reality so, whence does such a remark- 
able distinction proceed ? the reply may comprehend a solution of the 
most important phenomena of the science. * 

The lias formation is as yet known only from Captain Franklin’s 
researches; he has found it in Bundelkhand in situ, reposing on red marie, 
or new red sandstone ; its general geological character appears to cor- 
respond with the same formation in Fngland, and its light-coloured or 

most 
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most compact varieties have been found to answer some useful purposes 
of lithography, although none has yet been discovered equal to the true 
lithographic stone of Europe. Neither oolites nor chalky have yet been 
discovered by Captain Franklin, although he has traversed not only the 
range of hills, at the foot of which the lias is found, but the whole adjoin- 
ing country, and the absence of these rocks in the tract that has fallen 
under his examination, forms, in his opinion, a remarkable peculiarity. 

, This, therefore, is one of our great objects of research, viz. to ascertain 
whether in all other parts of India, the oolitic and later regular forma- 
tions are thus wanting, nor should the concretionary rocks be excluded 
from this enquiry ; of these the most remarkable is that singular calcare- 
ous deposit called, in the Bengal provinces, kankar, and known by other 
names in the south of India. It appears in a variety of forms and in 
different relative positions in different places. Sometimes in nodules, 
globular cowretions, or rolled nuisses, scattefid over the surface of valleys 
and rocky plains ; at other times in horizontal beds and layers, at various 
depths in the alluvial deposits of the rivers and plains of Hindustan. Its 
prevalence is very extensive, although less abundant in the southern quar- 
ter of the peninsula ; neither has it yet been observed on the Malabar Coast,* 
and in Bengal it appears to be bounded to the eastward by the Gandak 
river. From its peculiar appearance in some places it has been considered 
ascalctuff, and by some mineralogists would, perhaps, be classed under that 
denomination. Common kankar, on analysis, is found to contain the ele- 
ments of oolite and chalk. May not this concretionary formation therefore, 
which seems peculiar to India, be the ruins of what, under different circum- 
stances, might have become regular oolitic strata? Captain Franklin 

observes, 


* It should be remarked, that the prevailing LtUarUe of that coast is characterised by a propor- 
tion of Calcereoui matter in its composition. . 
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observes, that these irregular beds of hankat, vrhich are found following 
every water course, and forming its banks, have often the appearance of 
having been deposited under circumstances .peculiarly unfavourable to 
regularity ; and it may be asked, io what agency but that of running and 
turbulent water can such appearances be satisfactorily ascribed ? 

The absence of those regular formations which are known to exist 
in other countries is, however, a geological question of the first import- 
ance that must not be hastily taken up or hypothetically assumed, and 
nothing but reiterated and satisfactory proof of their non-existence ought 
to be considered admissible. A careful discriminatiou is also necessary, 
so as not to confound yf 'xih. chalk, the numerous deposits which are 

known to exist, and are used in India as substitutes for it ; the oolites in- 
deed cannot well be mistaken, because their peculiarity of structure 
readily points them out ; but the most important of all distinctions are, 
geological position and assoeialiou, without attention to which all observa- 
tions will necessarily lose much of their value as useful facts. 

With regard to organic remains, (the most interesting of all the 
branches of geological science,) it is to be feared that India is not likely 
to prove a productive field. The coal strata, when public spirit and 
enterprise shall excAvate them, will, probably, afford other varieties of im- 
pressions of vegetables and fishes, besides those already mentioned, and 
the lias limestone may contain specimens of the sawi tribe ; but hitherto, 
the most striking phmnomenon in Indian geology is the almost total 
absence of organic remains in the stratified rocks and in the diluvial soil. 
Sharks'-teeth and palates, are found in the diluvian banks of the Ganges. In 
the limestones and alluvial deposits of St/lltet and Cachar, the interesting 
researches of Mr. Scott, have discovered nummulites and other shells, 
which appeared toDr. Voysey to be diluvian, or even of modem existence, 

live 
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lire shdls of exact MBemblance to them being found in tho vicinity, 
with the exceptfcm of mmmliUs. Silicihed-wood has been found in the 
diluvium of CakutUt and Jtbbelpur; but bones of animals have never yet, 
we believe, been discovered either in diluvium or in stratified rocks. In 
this branch however, the extensive deposits of fossil bones recently dig* 
covered in Ava', apparently antediluvian, and perhaps the yet unexplored 
caverns in the Ime-itme strata, of Stflbet, Cachar, and Asam,' promise a 
field for future successful research. Of the allnvial delta of Bengal, 
the bed of the Oangu^ and the country to the eastward of it, we are at 
present unable to add anything of importance to the information given 
by Dr. Adam, Mr. Scott, and Mr. Bensow, in their interesting commu* 
nications dready published, nor do we possess as yet sufficiently con- 
nected materials for g;iving even a superficial view of the geological out- 
lines of the countries to the north-west, but we may look to some zealous 
explorers now actively mnployed, for an early extension of our geological 
knowledge in that diction.* The Bombay Literary Society will, no 
doubt, be able to collect much interesting information from that quarter, 
especially as it is understood that the coal field long since discovered in 
Cutch, by the late Captain McMurdo, is now likely to be worked. 

I have said nothing about the lead mines of Ajmer, nor of the ores of that 
and other metals that have been discovered and worked in former times, 
in various parts of India, particularly the extensive and important class 
of trim- ores, which abound almost every where, and in greater variety 
than,' perhaps, is to be found in. any other country .f 

From 


* Spedmeni laid to be firom the nroriace of Guch, have been leen bjr Dr. Hardu, which 
lead him to expect that we ahall, in all probability, discover, in that qviarter,iomeofthe newer claii 
of rocks posterior to the Uat, which are in so re^^atkable a degree wanting in other quarters of India. 

f Captain Franklin has been engaged in examining the iron ore* of the valley of the Akr- 
mada, and Captains Coulthard and Dickson, in the districts of /SoffOr and have ^r* 
nisbed interesting communications, which will appear in our Researches. 
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From the above desultory observations, it would appear, that the 
Geology of India is far less complex, than that of most other countries, 
of the Geology of which any thing is knovra. It is said* that, in- 
stead of twenty different formations, as in England, there are in 
India only four, viz. The granitic, the sand-stoM and clay-slate, the 
trap, and the diluvial; with their respective subordinate rocks, each 
of which formations possesses characteristics in common, that strong- 
ly mark their rotempnrariety. This conclusion, however, requires some 
modification. We have the primary series, both stratified and unstratifi- 
ed, in complete succession. We have the tramition class— the carhoni/er- 
mu order, and also the secondary class— nor doe.s there appear to be any 
thing anomalous, until we ascend in the series to the overlying rocks of 
the trap family ; these rocks, as has been shewn in another part of this 
paper, form the most striking feature of our Geology, and as some of 
them at least are proved to be of a later epoch than secondary sand-stone, 
it is apparently to the period of their formation (whatever may be their 
origin,) that we must refer the commencement of anomalous appear- 
ances. 

In this view of the Geology of India, therefore, our safest plan will 
be to confine ourselves as much as possible, within simple rutes, and to 
such terms of nomeiicluture as may least embarrass the subject. The best 
writers in the Transactions of the Geological Society of London, seem to 
have very generally adopted the synoptical arrangement, which is given 
in the introduction to Conybeare, and Phillips’s Outlines of the Geology 
of England and Wales ; and it is to be presumed that they have done so 
after due consideration. The English Geologists have certainly shewn, 

that 


* By the late Dr. Voyiey in a letter to Dr. Abel. 
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that they are less inclined to theorise than those of other countries : in- 
deed, the series of their rocks is so complete,, that they hare not needed 
it : their labours have consisted in the accumulation of facts, and the 
scene of their operations being so confined, compared with the extensive 
field in other countries, they have been able to visit almost every forma- 
tion with minute investigation This we have no present hope of being 
able to accomplish in India; but we may, nevertheless, follow their exam- 
ple in the simplicity of our arrangement, and in the precision of our no- 
menclature ; and it would seem that our adoption of the synoptical arrange- 
ment above mentioned, as far as practicable, by leading to an uniformity 
in our pursuits, and, what is still more important, to an identification of 
our principal Geological Strata with those of Europe, will preserve us 
from many errors : it will, besides, prove advantageous in rendering our 
descriptions more intelligible to all persons in England, who may be in- 
terested in the Geology of India. 


NOTR 

The occu^co of hasaUic veins, travewing the granitic rocks of Central and 
Soutliem India, is not unfivquent, and has been particularly not i ced by Dr. Voysst. 

In travelling from Madras to Mangalore, many years ago, I observed one of those 

veins possessing peculiarities that may gender its description somewhat interesting to the 

Geologist It occurs in the rocky bed of a small detached branch of the river Caoeri— 
at a spot distant about two miles west from the fort and island of Seringapatam ; here the 
prevailing rock is sienitic granite, which, on the left bank, rises in nearly a perpendl* 
cular face to about fifteen or twenty feet above the strealL In tbu rock, there is a vertical 
dyke, or vein of compact basaltic trap, ten or twdlve feet broad, and of unifom thirlrn e w 
(its sides being parallel) from top to bottom--* small vein of black scaly hortddende, about 
two inches in thickness, traverses the sienitic rock, obliquely, and it is distinctly perceptible 
that this vein has been disrupted by the vshyn dyke, for, in the midst of the basaUic vein, there 

^ 1 1 6*4 ® 


are 
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are fragments of the ‘tieniiie rock ; some of them from one to two feet in diameter} which 
contain portions of the hornblende vein^ so perfect and entire as to indicate the precise spot 
from which they must have come; and it is particplarly remarkable, that all these fragments 
appear to have been carried upwards, considerably above the leval of the hornblende vein 
which, with its containing rock, is obviously of anterior origin to the trap vein— a fact 
that is also indicated by the superior induration and partially scorched appearance of the 
eienite along its line of contact with the basalt. 

The following sketch represents the appearances here described 


A— The main rock of the be^ and bank of the river, sienitic granite. 

B— The basaltic vein* 

C — The homilende^ vein. 

D— The bed of the river. 

0. b. c, d.— Fragments of the main rock, containing portions of the hornblende vein 
evidently forced upwards. 

Cl e.— Other fragments of the^sain rock, without the hornblende vein. 
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ON THE 

GEOLOGY 

OF A POBTION OF 

BUNDELKHAND, BOGHELKHAND, 

AND THE 

DISTRICTS OF SAGAR AND JEBELPUR. 

By CAPTAIN JAMES FRANKLIN, 

First Bengal Cavalry f M. A. 5 . 


(READ FEBRUARY 11^ 1821.) 

Ha VINO l|^ly had an dpportunitY of otatnining the Geological feax 
tares of a portion of the province of Bundelklkmd and Boghdkhand, and 
also of the districts of S&gta- and Jehdpurt 4 have great pleasure |n sub* 
mitting the result of my observations to the Asiatic Society, and 1 beg 
to offer to their notice, the fime-stone formation, which is found on the; 
summit of the second range of hills, as it appears to correspond with the 
Has lime-stone of England, and I am not aware, that this formation has 
heretofore been shewn to exist in India. * ^ . 

i 

The tract of country to be here described, is a portion of the nor* 
them steps of the Ftndiiya mountains; for, although the ranges of hills 

have 



S4 


ON THE GEOLOGY 


hare separate names, such as Bind&ehal, Btmdair, Kymr, &c. which 
^erre for local distinction, yet viewing them as Geological pCrtions, they 
must necessarily merge in the common denomination of that great zone 
of which they are component parts. 

1 commenced my route at Mirzapwr, a place of considerable traffic 
on the river Ganges, and ascended the first range of hills at the pass of 
T&ra. ^he tract between these two places is not interesting in a 
Geological point of view, being covered with alluvium, which either re> 
poses upon beds of kankar, or is intimately intermixed therewith, and 
near the hills, the kankar is found by the excavation of welk, to repose 
on sandstone. 

The firet range of hills is composed entirely of sandstone, horizon- 
tally stratified, consisting of fine grains of guar^z, cemented by clay, and 
coloured more or less by the red oxide of iron ; it is occasionally compact, 
but its general character is rather friable, than compact, and it sometimes 
contains galls of clay : it is also saliferous, as is evident from the plains 
below being saturated with salt, and also from the salt works, on the 
banks of the Tons river ; in many parts, it has sufficient coh^ion for ar- 
chitecture, and is quarried near to the Tdra pass for that purpose : con- 
necting these circumstances, #herefore, and a comparison of it, with 
specimens of the same rock from England — it appeared to me to corres- 
pond with the new red sandstone. * 

From the crest of the Tdra pass, to the foot of the second range of 
hills^ear Kattra, the whole tract is a platform, varying only from a per- 
fect level, by occasional protrusions of the rock, which form small collines, 
and sometimes hills; this platform increases in elevation towards the south- 
west ; in the part where I passed, except immediately on the crest of the hills. 


common 
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common kankar is. tery preTalmit, either intermixed with the alluvium, 
or in beds, as in the channel, and on the banks of the Bnih/n nadi at 
Barondut where it. appears to be indistinctly stratified— and 
fragments of sand-stone this part of the range is not rich either in mine- 
rals or metals ; but another portion of it, near Pannah, is remarkable for 
containing diamonds, and still further west, are the extensive iron mines 
of Katola. 

■ -s'' : ... 

I ascended the second range of hills at the pass of Katlrot and found 
near the top of it a stratum of red and bMsh green slaty mark interstra- 
tified with sand-stonoi in thin .laminm, and surmounted at the top by v&- 
negated sand-stoke ; these beds resembled the red marfe of England, and 
in furtherance of the conjecture that they .'may be 'so identified— I will 
add that salt is manufactured in the village of Kattra. i The 4aty :mark 
rested upon massive beds horizontally stratified^r resembling^ as far as 1 
can judge from description, Br. Macgulloch’s lowest sastd-stone, .2d Div, 
F. the upper part of which was schistose, containing a little mica and 
tinged slightly green, but the lower part was massive, and coloured by 
the brount oxide 0 / iron. ' 

, '■ ' ' 

' : - '*• 

The summit of, the second range is a platform, like the former, vary- 
ing only from a perfect Ibvel by the 8amd>d|scrij[>^n'Of tuiduiation which 
I have described above ; like the former uso it increases in elevation to- 
watds the south-vTeitj and order to examibe its codiposition, 1 visited 
all the water-fells between the Kattra pass, and the Tom river. 

The first of these cataracts is hear thet village of JBUohi, about twelve 
miles west of the pass of Kattra, the fall water is three hundred and 
ninety-eight feet, and the escarpment is nearly perpendicular,* the ; lowest 
bed is a thin stratum of fine argillaceous sand-stone tifiged deeply by 

the 


H 



do ON 

thd fid OiHdt 6f and tontuning Mica diMeminatedf in> sionll particles ; 

ttpOU it reposed a bed of silicMU iond-iUmei tinged green, end inters 
ealated with clsf«'C%, or thab, of the same cidonr; these beds were 
compact and bard, bat upon than was a thick stratum of yariegated 
sand-BtoMi hating an argillaceous cement, which continued to the'sur- 
fSicev ' ■ ' '■ ' ' V' ' 

I ^ 

From the cataract of Bilohi, 1 proceeded to that of Bmti, ten miles 
further west; this waterfpll is ucoeedingly picturesque, not so much from 
the flail of water, which is four hundred feet, as from the extent of the 
cirque tbe^lowest Mck is greenisb white arenaceous MHcf-ctoM, not quite 
so compact as that iof' SikAi, thodghrpeiribaps, it may be a c<»tinoation 
of the same, isnd upon it, (commencing at: the depth of three hundred feet , 
below the surface),: is ‘S variegated or molded stratum^ then follows a lilac 
red, or purplish stratum, which becomes more and more light coloured, 
so as to'eppMMMwahHmS fbhtun bofo^idfsacbes thersurfsce. 

The enormous masses of kankar which have been rolled down by 
torrents into this chasm, are very remarkable; the surrounding fragments 
of sandstone, are all Worn, or their edges rbundfed by the attrition of water; 
but thejro massek leihain dnaffhcted, and eonttnue to defy both^ the ‘ force 
'oftheatraaa^and^dm'rwrageaoftimeic'*''' v.-. < 

, From BowN,- i ptoerisded to jGfiiriV twenty-four' miles further west ; 
here the fall of water 1 b' two hun^Md and 'Seventy-two feet, and the depth 
of the escarpment three hundred and twMity feet : tim lowest stratum of 
rocl^^thevariegafed ormottlel aimf-ripmmentidiied above, and Upon 
it reposes dte hlac red, or purpii'sl^ stratum, wluch last, commencing at 
the depth of two hundred and fifty firot, continues to the surface, vaiying 
only in conselidatioa,mid becoimDg lighter iucoloup. 


From 
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From Kmti, I<|>mceedfld to the cataract of. Chachai, when the fall of 
irater is three, huocUad and aixtyntwo feet;, but here is no other rock t^gju 
the lilac'^red, or purplish stratum, which varies as at Jioiilt and JEmtt, 
Imth in colour and consolidation as it approaches the surface. 

' * 1 , V 

> .V I, 

From Chachai to the cataract the Tana river, is a short distance ; 
the volume of water is greater than in the other cataracts, but the fall is 
less^ being only two hundred feet, and the rock resembles that of Chachai 
so exactly, that it ne^, no further description. 

■ •' ■! \ : - ' 

These cataracts, though there is nothing stupendous, about thehr, 
have still enough of iuteiest to recommend them to the, notice of travel- 
lers, and they have the advantage of being easily approached ; they are 
sufficiently magnificent to occasion’ a slight impression of awe mingled 
with pleasure, at first sight, and this feeling is perhaps enhanced, 
by coming on the brink of the precipice almost imawaies; they are 
also very picturesque, and deserve the talents and skill of an able artist. 

In a geological . point; of view, they are more interestiiig,. for, from 
their composition, it is evident, that the whole range of hills in which 
they are situated, is a mass of .fa«id*«toie, .they> shew also, that there is a 
valley in the subjacent strata in this piurt,i by exlubittng’dMtinotly the 
plane of inclination of the variegated stratum, which being uppermost at 
Bilohi, central at Bouti, lowrat at jKritf^.aUd: disappearing. below the> 
surface at Ciftachat, q^ainly denotes msubeidenoe, the axis of |rhich is, 
perhaps, somewhere about the Toiw river, and thda appeam. to be the 
thickest part of the forawtiem* tr w I 

From the cataract of the Tana river, I pipceeded via Smmm^ Bir* 
ainhjmr, Hat, hi, Sohawelf and Nagaaikd, to JUohargcng, and met with no 

other 
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Other rock than sand-ttoM, sometimea ferraginous, sbiqetimes alaty^ and 
aometimes containing nUea, until 1 arriyed at HatM, where it changed 
to argillacMua liaa Ume-ttone. * ' 

.At in the bed of^e amall river which runs near the 

town, ia a atratum of red marU or ttxnd-tUm, containing laminee of cede- 
$par, distinctly interstratified ; at Sokawel, red marie underlies the lime~sUme 
above*mentioned; at Nagound, in the bed of the dmeron river, its lower 
and central beds are exposed to view, containing fragments of fossil wood, 
also fragments' of stems of ferns, and one piece exhibited, what I took 
fdl ah impressioa of the gryphite shell, which is peculiar to this formation ; 
at Marhar, near the tank of the' old village, it reposes on red marie, in con- 
formalde stratification; and at Lohargong, the wells of the cantonments 
exhibit its upper or slaty beds, reposibg upon smoky grey limestone. 

. . From Lohurgemg, 1 ptoeeeded>'>^i8 Hattah, Nar~ 

sinhgerh, and Patterigat to Sdgar. 

The first part of the route, was over an alternating succession of lime- 
etone lowlaii&, and MNd^stonecollihes, which continued as far as the Kin 
river, the bed.iof which is^n^ mark and standfstone; afterwards, the same 
alfismaitioh occurred to 'Hattah, whereithe IniKfStoae reposes on red marfe, in 
the banks of the Sonar, river, as iti^dbes also.at'3rar<taAj'«r4, in a amaH 
ravinesthith' jof tiM> fi>tt v but .thei^aVtiie mark is almost entirely green. \ At 
Patterfyoi it comes im contact with trap socks, and is thereby changed both 
in appearance and nature; those portions which contained most sdex, are 
converted into chert, and it is cdrious to se^speoiaMns, one half of which 
is ekarti and the other half still retaining the property of effervescing 
with acids. / f ; 
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The general aspect of this Ume-stone is dull and earthy; its stratifi- 
cation is horizontal, or nearly so, and always conformable to the mark or 
sandstone on which it reposes ; its lower beds are thin, and separated by 
argillaceous partings ; and some portions of it, particularly the white va- 
riety, are' sufficiently compact for Lithographic purposes: the middle beds 
are usually of a dark smoky grey colour, always exhaling a strong argilla- 
ceous odour when breathed upon, and sometimes containing fragments of 
petrified wood, and of the stems of ferns, as may be seen niNagound; and 
it is this variety which bums into strong/tme.and has the property of hard- 
ening under water: the yellow kind is generally compact, usually dendritic, 
and if polished like the Cottwn marble, might be used for ornamental archi- 
tecture; its external surface frequently presents branches and prominences, 
resembling (as Mr. Gbeenoooh expresses it) the interlacings of ivy, and 
in this state it might be* used for rustic architecture. 

This limestone appears to be the same as the lias limestone of England, 
and the specimens I send herewith, shewing its ordinary varieties, will 
enable the Society to judge how far my conclusions are well founded. It 
. extends all over the platform of the second range of hills, covering it with 
a thin stratum, the continuity of which is only interrupted by occasional 
protrusions of the red marie or sandstone, on which it reposes, and as these 
sandstone coUines are generally sterile, from want of soil to cover them, 
the lias formation becomes an object in agriculture, because it occupies 
the low lands, which retain mdlsture, and are covered with rich soil. 

After passing the town of Pattariga, 1 ca^ upon the overlying rocks, 
which I designate by the general term of trap; the hills on the left of 
the road are composed of those rocks, and after ascending the pass of 
Pattenriya, I met with no other rock than trap, between it and Sigar. 
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The upper part of the trap of S&gar, like that of Pattaiya, is fre- 
quently globular, the nuclei of the decaying masses varying in siie from 
an egg, to a large l>omb-shell ; and their decomposing concentric lamellse, 
being generally very thin, and often very numerous ; the best specimens 
are too heavy to send, but that whifch - accompanies this paper, urill per- 
haps serve to explain my description. 

Under the stratum of globular trap which usually occupies the 
highest part, is a bed of indurated wacken, or amorphous trap, of a 
rusty brown colour ; sometimes scoriform, or of a small cavernous 
structure, and sometimes columnar; but this last form I have only observ- 
ed in the beds of streams, or on the borders of the formation ; under the 
amorphous trap' is a stratum of limestone, white as chalk, which is observ- 
able at Sligar, and in the hills near Pattanya. ^ i ^ ^4 

I have termed this white rock earthy limestone, because I know not 
what other name to give it ; its principal component is carbonate of lime, 
and next to that is alumine ; it also contains sikx, and when it abounds, the 
rock is converted into cfurt: felspar does not seem to be abundant, and 
though the rock occasionally assumes the texture of indurated clay, and 
sometimes, though very rarely, the hardness of clinkstone, yet, generally 
speaking, it appears as if partially calcined, and when the trapwith which 
it is associate reposes on sandstone, as is the case in the district of S6gar, 
it contains nodules of sandstone imbedded Ih it ; the accompanying speci- 
mens exhibit its most ordinary changes above the surface ; but several wells 
have been dug at SAgar, and its changes below the Surface are shewn in 
a second series, sent herewith, one of which appears to be alniost pure 
alumine; a thin ^'ojrpefy stratum sometimes intervenes between the tracAwi 
and the limestone. 
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Below the lime~st<me at Sdgar, is a sttatum of amygdaloid, containing 
ea/c-sfMir,,andafewzeo7ite«, whichresemblesthe toad-stone of England ; it 
there reposes on sandstone, but 1 have not met with it in situ in any other 
part except some indistinct vestiges near Jysinhnagar, nor can I state, 
upon any authority, that the position here described, is applicable else- 
where. 

From Saugor, 1 proceeded southward, via Jysinhanagar to Tendu- 
kaira, and met with no other rock than trap (with abundance of choicer- 
dot^, semiopal, mealy zeolite, caoholong, agates, jaspers, and heliotrope 
strewed upon it,) until 1 descended the range of hills which forms the 
northern barrier of the valley of the Nermada river. 

This great valley is favourable for throwing light on the primitive 
rocks of the central chain, where the force of receding water appears to 
have swept away the upper, and exposed to view the lower and older 
strata ; many inferences may hereafter be drawn from a careful examina- 
tion of this valley, but it would be premature to hazard any conjecture at 
present. I will, therefore, only observe, that the whole mass of overlying 
rocks which I have just passed, reposes on red marie, or sandstone, as is 
apparent in tlie bed of the Barana river, about.oiie mile north-east of Ten- 
dukaira, and all along the foot of the hills, in that direction. 

Its associate, the earthy Zii^-stone, here becomes a rock which general 
ly appears half calcined; but its property of effervescing with acids is not 
destroyed, except in a few instances where it has become highly indurat- 
ed ; it fuses readily with a moderate heat, and operates as a flux when 
mixed with clay ; and in this part, it dlmost always contains fragments of 
sandstone, which are more or less changed by its contact. 


After 
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After descending the hills, and advancing about three miles into the 
▼alley, a new field opens ; the older rocks are laid bare and exposed to 
view, and instead of horizontal stratification, they become highly inclined, 
sometimes perpendicular, and altogether unconformable to those which 
I have just passed; I shall not here mention the iron mines of Tendukaira, 
because a satisfactory account of them would swell this paper too much ; 
but I will observe one circumstance which may, perhaps, be acceptable to 
travellers — the conictd hill, situated about one mile and a half westward of 
Tendukaira, is an isolation of trap, and its summit was once crowned with a 
cluster of basaltic columns of a greyish green colour ; but some violent effort 
of nature, such as an earthquake, has dislocated them, and they now, even 
in their ruins, present an object worthy of the notice of a traveller. 

From Tendukaira, I made a detour to Oarha Kota, to meet the Agent 
of the Governor General, and my route thither enabled me to lay down 
the eastern boundary of the trap formation ; a reference to the map, there* 
fore, will best explain the result of this part of my route. I always found 
the trap in association with earthy lime-stone, and the whole series repos- 
ing upon red marie, or sand-stone. 

t 

From Garha Kola, I returned to Great Deori, and proceeded across 
the Bandair hills to Jehelpur. 

After quitting Deori, the rock was ti^Bip for about three miles, and 

then commenced the sand-stone of the Bandair hills, which continued 

uninterrupted, until I descended the eastern escarpment of those hills, 

which again brought me into the valley of the Nermada river. 

• • 

The sandstone of the Bandair hills, is mottled (red, speckled with 
white spots or streaks), its stratification is horizontal as far as the eye 
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can jvfiiigei aiid% appea)to'tacoif(esp6nd with the df 'WER'- 

NSR, and, couseqnentt/, trith thenew red wntd-^toneof England ; the same 
hilit are ooaiiMMed of theisame o]^osite to Nagound, Lohar- 

gaoH, IHgta, and GhgstAad, dnd there can’ be ho doubt that the whole ia 
a mass of the same kind of sand-stone, raiyitigl p'drhaps.'ln appearance, 
bnt not in character ; and it would be intere8tiit|f to eixamiirie ' 'whether 
there are any traces of an oolitic formation on their sumihits. ' 

After proceeding about three miles into the Hralley, t came upoii the 
ridge of the Kymur range of hills, which here begins to break, arid soon 
disappears below the surface; in this pUrf it is composed of silicious ^rtt- 
stom, which evidently pasdes Under the ^aridstone'^df the Bandai/ hills, 
but to the south-west of this point, near Hirapur, the rock become*' more 
compact, and still further west. Opposite Oiigri, ’ it is ihtermiiiced *‘with 
ichistose limestone, which contains mica; arid, perhaps,' gr^ri ialh^ ■ 

* 

Between this range and Jsbelpur, is a broad valley, covered by a 
hick stratum of allavidm, which reqUi^ much 'thore 'minute investiga- 
ion than my hurried route enabled me to ffeStow. * ' ^ 

. ' . I 

The town of JMpur is situated at the foot’ of a range of granite hills, 
vhich, perhaps, might be termed syenitic granite, "aS its coiujpbsition is flesh- 
soloured felspar, smoky quartz, a little black mica,' and much hom-blende. 

[ have traced it for thirty iftiles^in which' dpade' it 'dips below; and tises' 
ibove the surface' several times; and there this rock 'beconred^well defined 
franite, and is’ particularinsd by its tehdenc^'to eid:^it'kijgging-stones : it 
s much subject to decomposition, fiorii the quantity of felspar it contains.' 

' Eveiy formation' suboidittate’' to grdwiic isito be found in this neigh« 
mnrhood. Gneiss, containing Aomi/lende, arid f>a^ally decomposed, so 

as 
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as to acquire a Ugniform appearance, is in the bed of the Nenmda' lirer, 
at Tilmra Ghat; Mica-schist is at Ramnagar, and all along the low range 
of hills, which runs from thence towards Lamaita.' HombUnde-sehist 
is in tho hills, between the villages of Bkowra and Pareri; talcose, and 
qrgiUaeeous-schists in the hills between Bfunvra and Maraud, and in the 
bed of the river between Lamaita and Beragarh, a series of strata are 
laidbare, exhibiting gneiss at one extremity, and from it, a regular gradation 
of micaceous and argillaceous- schists, to schistose limestone, quartz-rock, 
and the beautiful snow-white dolomite, which is described in the following 
paragraph. 1 cannot here omit to recommend to any traveller, desirous 
of observing these strata, to walk along the edge of the river from 
Lamaita, to the water-fall of Beragarh, from whence he may either pro- 
ceed iiha canoe, through a narrow chanUel, excavated by the torrent, and 
enjoy a spectacle, far exceeding any description I can give of it, or he 
may return by the ruins of Trijpurapuri, which are near the village of 
Tear, and examine the remains of the ancient capital of Garha Mandela, 

The Dolomite is near the water fall ; it has been called muriacite and 
alabaster, both of which it vesembles ; but from its geological connections, 
as well as its composition, it is evidently a dolomite, and its most refrac- 
tory portions, if pulverized, tfill effervesce, with diluted nitric, or muriatic 
add; a few miles further west, it effervesces freely, and is friable, almost 
crumbling between the fingers, and contains crystals of Tremolithe ; but 
at Beragarh, being intimately associated with quartz-rock, it contains 
more or less silex, and the snow-drhite variety, which resembles alabaster, 
seems to be an aggregate of dolomite and pure quartz: this variety scarce- 
ly effervesces without being pulverized, but it takes a fine polish, and 
is quarried for various purposes, such as slabs for floors, or tables, and it 
might well be u4ed for ornamental architecture, or even for statsoary : it 
is traversed, in many parts, by veins of chlorite schist. 


From 
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From JAdpwr, I returned to /TeHdukaira, by another route along the 
metalliferous range of hills, which it was my business to examine ; but 
I refrain from giving any account of its mines, for the same reason which 
I have alledged in my account of Tendukaira. I must also defer sending 
a map of this portion, which 1 have constructed on a larger scale, in or- 
der to shew the position of the mines, until a future opportunity ; in the 
mean time, I may observe, that a part of the southern barrier of the val- 
ley of the Nemutda river (like the northern, opposite to Tendukaira, Sir- 
mow, &c.) is composed of trap rocks, the contour of which I have laid 
down to the extent of eighty miles, and I trust, that a future opportuni- 
ty will enable me to complete the whole. 

The result of my inquiries respecting this eastiem deposits of over- 
lying rocks, is, that it extends southward, as far as Chaparah, or 
Seoni, and thence eastward, towards Mandela, AmerakarUak, and Sohagpur; 
but whether it unites with the great central mass, I could not learn ^ 
it is somewhat harder than the trap of Sdgar, but does not essen- 
tially differ from it in character, as the 4 iccompanying specimens will 
shew ; but it differs greatly in its substratugi, which is here granite or 
gneiss. 

In the re-entering angles of the trap hiUs, the occasional re-appear- 
ance of the primitive range may be traced, and in a cluster of such hills, 
about one mile south of Bogr^, the rock is composed of mica, qmrtx, 
compact felspar, and chlorite, intimately intermixed in fine grains, and 
somewhat friable; in the same hills also, is a conglomerate of the' 
same formation, containing quartz - pebbles, , much rounded, and worn 
by the attrition of water, but no fragments of green-stone or basalt, 
although the hills in question are neady suifiigi^ed by rocks of the trap 
family. 


After 
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paaaiag. fiogrfii. the valley. expan^Pi* aqd is oovjBved .l>y> thick 
alluvium, through which. the occasionally crops out for a short 

distance ; but with that exception, no rocks appeared above the surface, 
until 1 arrived af Kshirarpani, where the hills are coinposed of stratified 
qufrtx rock; sometimes granular, hut more frequently, compact, and con- 
taining fUspar, the strata’ are hig^y inclined,, and sometimes perpen- 
dicular, and as there is no other kind pf rock, between Kshirarpani and 
Tendukaira, except the isolated sandstone hill of Amjero: this brings 
me back to the <and-«tona and Irtyit formation, of the Sigar district. 

..... J i- ■ ■■ 

To this catalogue.may be added a very curious calcareous conglome- 
rate, which is found in the beds of most rivers, whose sources, or whose 
channels are in trap countries ; l.have observed it in the bed of the Sonwr 
river, north of i8«7i, and in other places; it occurs also plentifully in 
the Narmada river in various parts; but the largest mass 1 have seen of it, 
is near the Jansi Ghat. .... . . 

It is composed of rounded fragments of wacken, basalt, sandstone, 
qmrtx, and occasionally of ||ther, rocks, varying from the size of a pea, to 
that of an ordinary grain of sand, cemented by calcareous matter, and 
when the particles are fine, the rock in some respects resembles calcareous 
«and-^piie, and has sufficient cohesion for nrchitectuinl purposes; its stra- 
tification is always horizontal, the ^pparse parts being lowest, and it re- 
poses pii , the subjacent stratum, bQ/ the rock » what it may, for it is evi- 
dently the latest formation ; thus Baresark it may be seen in the high 
banks of the river, reposing upon, the primitive atratav and itself covered 
only by. alluvium to the depth of. flirty feet. - ■ ‘ 

.1 have ncA met with a j^tiptiuii this, rock hy any author, and.yet 
it cannot bp ponpi^eepd strictly |oCglt for it is evidently a conglomerate, 

formed 
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formed from tbe detritus of sand-ttone^ and overl 3 ring rocks, which appear 
to be its chief constituents, and, consequently, must be of considerable 
extent in this country. < 

Having thus given a description of my route, and a brief compen* 
dium of my observations as they were made on tlie spot, 1 will now ven- 
ture a few general remarks on the conclusions I have drawn from them, 
and should 1 inadvertently lean to either side of a disputable question, 
I intreat that it may not be attributed to design : 1 am not learned enough 
in the science to become an advocate for any party : a few lessons when 
in 'England, and the great volume of nature have been my chief guide, 
and to record facts, to lay down strata correctly, though not minutely 
on a map, to extract that which is useful or profitable in the science, 
is all I aim at, and the train of investigation which this requires, imper- 
ceptibly leads to an acquaintance with books, which gives facility of dis- 
crimination and description, even though tlie depth of the science may be 
wanting. 

The late Dr. Voysey observed, “ that tte had reason to believe, 
partly from personal observation, and partly from specimens obtain- 
ed from other sources, that the basis of the whole peninsula of India 
is gronite : he had traced it along the coast of Coromandel, lying under 
iran-cloj/ ; also in the bed of the Godaveri river, from Rdjamaheadri to 
Handair, and he had speeimdus fVom the base of the SU&haldi hills 
of Nagpur, from Travankar, Titmevelli, Salem, and BeUati;” to this 

may be added Mr. Stirling’s account in his memoir on Cuttack, 

% 

where he says, “ the grdmte, where my specimens weife principally 
collected, appears to burst through an immense bed of laterite (iroa-chy,) 
rising abruptly at a considerate angle.” These are recorded facts on 
the southern side of the cwtial chain, and on the northern i^de, it may 
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be (^served, that the plains of Bundelkkand, attest that grmite is there the 
basis rock. ' 

Though I am convinced that granite is very near the surface, in many 
parts of the ttact which has fallen under my observation, yet it is evi- 
dent, that there is a series of primary stratified rocks, intervening be- 
tween it and the secondary formations, as in other parts of the world, 
though there is reason to think that they are often wanting ; the flanks 
of primitive ‘ ranges of hills almost always exhibit a series of these 
rocks, and as an instance, 1 refer to that which is laid bare in the 
bed of the Nemutda river, between Lamaita and Beragarh, these strata 
are not intermixed, they present a series of beds from gneiss upwards, 
each in its place, graduating one into another imperceptibly, and all 
preserving the same dip, direction, and parallelism, without any tendency 
to derange each other, and they are found on the spot, where the river in- 
tersects the, primitive range of Jebelpur. 

In this part of India, however, the primary formations are so exten- 
sively covered by secondaif and overlying rocks, that vallies of denuda- 
tion alone expose them to view; and under that impression I observed in a 
former paragraph, that many inferences may hereafter be drawn from a 
careful examination of the valley of the Nermada river, and I may also add, 
from a careful examination of all great vallies of denudation, which, like 
that of the Nermada river, exhibit a view of the primary strata, by removing 
the superincumbent beds under which they were buried. 

The sandstone formation is the next which attracts notice ; its thick- 
ness is, of course, variable, it is four hundred and twenty feet, at the Bouti 
cataract; and from the compactness of the rock, at the bottom of that 
water-fall, I am disposed to think that it does not extend far below; there 
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can be no doubt, howerer, that it is thicker near the Chachai and Tons 
cascades, and the Ban^air hills must be still more so ; it ap^ars to com- 
prize most of the varieties of Dr. Macculloch’s synopses of lowest and 
some of his superior sandstones^ whilst the general parallelism of its stra- 
tification to the horizon, and its saliferous nature, well enough identify it 
with the new red sandstone of- England, which comprises all those beds 
that lie between lias limestone and the coal measures. 

The lias limestone formation is exceedingly curious, for, whilst in other 
countries it forms mountainous tracts, and occupies extensive portions of 
the earth’s surface, it is here a mere plastering over the surface of red 
mark or sandstone, and I should doubt whether it ever attains the thick- 
ness of a hundred feet. I have not met with it in any other place than on 
the summit of the second range of hills, and it may there be seen in 
the low lands, and in the beds of small rivulets, but in the large rivers 
it appears to have been swept away, as their channels are worn down to 
the subjacent sand-stone, and perhaps, in some cases, to the primitive 
strata. 

f 

The overlying rocks of the /SSijg'ar district appear to be the floetz-trap 
of Webner ; they are not only, the most extensive, but, considered as 
geological phcenomena; they are the most important in that district, and, 
perhaps, in India. The prevalence of opinion regarding their .origin is 
now, indeed, inclining to a modified volcanic theory, and as their extent is 
truly astonishing, 1 feel persuaded, when their correct outline shall have 
been ascertained, that the representation alone will be correspondently 
striking. As far as my observations have extended, 1 have never been 
able to reconcile my ideas of it, to the Wernerian theory alone; I have 
seen it meandering round isolations of sandstone, and resting against 
them in a manner which could not have occurred, had its origin been 

such 
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such US is described in that theory, without cotering the also. 

Its known effects on other rocks, which come in contact with it, are also 
striking circumstances ; but as India possesses advantages over all other 
countries in the investigation of this subject, it would be premature in- 
deed to draw inferences before we are in possession of the facts, which 
alone will enable us to arrive at a satisfactory conclusion. The thickness 
of this formation we have it not in our power to obtain, as it is con- 
stantly variable ; in the centre of India, it occupies the summits of the 
highest mountains, and at Somhoy, it descends to the level of the sea ; 
it reposes indiscriminately upon every rock, from granite upwards, and it 
is quite impossible to fix on any average : it is useful, however, to find 
out the rock on which it reposes, and its inferior level in the tract under 
examination ; thus, for instance, at Sigar, it reposes on sandstone, and 
its inferior line, iq that district, is about 1350 feet above the sea, and as 
this is also the superior limit of lias, it follows, that the trap of Sdgar is 
unequivoodly posterior to sandstone, and may be either previous 
to, or contemporaneous with, or posterior to lias, the latter of which, I 
apprehend, will be found to be the case. 

There are two kinds of basaltic rocksT in the district of Jebelpur, 
which are clearly distinct formations; the oldest variety is that which 
penetrates the graywacke stratum in the bed of the Nermada river, near 
the village of Lemaita. This stratum, though not above fifty yards thick, 
is intersected by innumerable greestsUme^ns and nodules, always run- 
ning in the direction of the stmta, and as they do not occur in any of 
the adjoining formations, they must, I presume, be at least as old as 
that rock ; the other basalt is an overlying rock, like that of Sdgsar, but 
it reposes on granite or gneiss, instead of sandstem, and appears to con- 
tain a greater proportion of angite. 
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The calcareous. conglomerate must be classed, in point of time, at 
least with the tufas, and other calcareous formations, such as common 
kankar, so prevalent in India : it is generally admitted, that these sub- 
stances have been deposited from water, in rapid motion, holding the 
matter in solution, and under circumstances unfavourable both tO' crystal- 
ization and regular ' deposition, and it has sometimes occurred to me, 
that the matter of which they are composed, may, in other countries, 
under more favourable circumstances, have been deposited in regular beds 
and strata, such as the oolitic formation of England ; and I am the more 
inclined to think so, from finding the lias stratum so thin ; also from its 
upper slaty beds being in general wanting ; and further, from not having 
hitherto discovered any traces of a regular oolitic, or any later regular 
formation. 

The great extent of trap rocks, being nearly equal to a third of the 
area of the country, and the abi^ence of all regular formations posterior 
to lias, if future research should prove it to be the case, are undoubtedly 
remarkable features in the geology of India ; and I cannot help thinking 
that they may, hereafter, be the means of explaining some of the most 
important phoenomena in the science, provided the facts of the case are 
well and judtly ascertained. 


Barometrical 
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.Barometrical observations made on the route from Mirxapwr to 
S&gar, and thence to Tendukaira, and Jebelpur, with heights above the 
sea deduced therefrom, together with the Latitudes and Longitudes of 
• the respective places. 


Date. 

Place. 

Bar. 

Tver. 



Longitude 

East. 

18M 







0 

/ 

// 

0 

t 

It 

Nofember. . 24 



20 

56 

60 

504 

feet 

24 

1 

25 

82 

18 

25 

25 

BarouodA, 

... 

... 





24 

57 

20 

82 

14 

00 

26 

Rattnt, 

' 20 

57 

70 

520 

feet 

24 

58 

20 

82 

6 

80 

27 

Hanmanna, 

28 

70 

68 

1210 


24 

46 

15 

82 

4 

15 


BUohi fiU 

28 

89 

68 

1128 

'» 

24 

48 

45 

81 

57 

15 

20 

BooU fill, 

20 

04 

71 

1000 

if 

24 

46 

40 

81 

49 

20 

10 

Oerh, 

20 

00 

71 

1086 


24 

49 

15 

81 

80 

50 

Dfcemberl 2 

Kcutlfkll 

20 

12 

70 

028 

ff 

24 

40 

15 

81 

27 

00 

8 

Cb^cbaifall, 

20 

05 

70 

090 

» 

' 24 

48 

0 

81 

17 

20 

n 

C Toni fall| deduced | 




800 


24 

47 

15 

81 

IS 

05 


( from the MmO) . . ) 












4 

Simeiiah, 

20 

04 

72 

1000 

n 

24 

48 

34 

81 

8. 

55 

5 

Biriiohpur, . . ...... 

^ 20 

00 

76 

1064 

v 

.24 

48 

SO 

80 

57 

20 

6 

Htthi, 

28 

00 

74 

1070 

V 

24 

48 

18 

80 

40 

15 

7 

Sohawel, 

20 

00 

78 

1050 

tf 

24 

84 

27 

80 

46 

40 

8 

Nagound^ 

28 

07 

75 

1000 

ff 

24 

84 

21 

80 

85 

25 

0 

Glrwar, 

28 

85 

77 

1216 

n 

24 

88 

0 

80 

25 

80 

10 

Lohargaon,.. 

28 

80 

75 

1251 

ff 

24 

81 

15 

80 

10 

00 

V 

Ditto above Calcutta, . 




1281 

ff 







11 

Mehewa, 

28 

86 

72 

1181 

ff 

24 

24 

20 

80 

7 

25 

12 

Tilt™. 

28 

04 

70 

1008 

ff 

24 

18 

20 

70 

50 

05 

18 

Oarreho, 

28 

90 

71 

1181 

if 

24 

15 

88 

70 

40 

85 

14 

HatU, 

88 

86 

74 

6188 

ff 

24 

7 

45 

79 

85 

10 

15 

Nanlnhgerh, 

28 

71 

72 

1814 

ft 

24 

1 

08 

70 

24 

20 

16 

BIkairi, 

28 

76 

70 

1268 

ff 

28 

58 

02 

70 

18 

10 

17 

Saipor, 

28 

57 

70 

1442 

ff 

28 

58 

15 

70 

2 

30 

18 

Pareneah, 

28 

84 

68 

1644 

ff 

28 

61 

80 

78 

56 

10 

19 to 81 

S4gar,(tent> 

28 

10 

77 

1088 

ff 








Ditto abov4 Calcutta, . 

.... 

... 

.... 

1020 

ff 








Ditto Town, 

.... 

... 


1040 

ff 

28 

50 

SO 

78 

44 

00 


Ditto Cantonment!, .. 

... . 

... 

.... 

1980 

ff 








Ditto Reiidency, .... 

• . . • 

... 

.... 

2050 

ff 




♦ 




1827 
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Dati. 

Placb. 

Bar. 

Ther. 

Hbiort. 

Latitvdr 

North. 

Lonoitodb 

East. 

1827 








0 

f 

// 

0 

/ 

t! 

January . . 

. 4 

Jysinhnagar, 

28 

00 

00 

lOtt 

feet 

28 

87 

12 

78 

88 

80 

Morning . . 

. 5 

Garreah, 

27 

90 

71 

2094 


28 

80 

17 

78 

89 

00 

Evening . . 

. ft 

Tandah, 


10 

01 

1861 

» 

28 

28 

87 

78 

41 

40 

January . . 

. 0 

Ghano, 

28 

SO 

74 

1724 

ff 

28 

22 

65 

78 

40 

4ft 

Evening * * * 

. 6 

SehitiP'^*') 

28 

SO 

71 

Iftlft 

ft 

28 

17 

60 

78 

68 

80 

7 to 10 

Tendukaira, 

28 

70 

7ft 

1888 

ft 

.28 

10 

40 

78 

68 

SO 


19 

Dobi, 

28 

82 

7ft 

1704 

tt 

28 

17 

12 

79 

04 

ftft 


21 

Gt. Doori, ... * 

28 

80 

TO . 

. 170ft 

tt 

28 

24 

IR 

79 

04 

60 


33 

Chandpur, 

28 

45 

74 

lft7ft 

tt 

28 

84 

21 

70 

06 

15 

2S to 24 

Gara Kota, 

28 

80 

67 

184ft 

tf 

28 

47 

2ft 

79 

07 

80 


2ft 

Reilli, 

* 28 

00 

60 

1360 

tt 

28 

88 

50 

79 

08 

4ft 


26 

Rangiri 

28 

47 

00 

1622 

tt 

28 

87 

46 

78 

66 

20 


27 

Chandpur, vide above. 









- 




28 

Gt Deoti) vide above, 













29 

KOsiari, 

28 

47 

70 

lft84 

tt 

28 

28 

48 

79 

11 

66 


31 

By»“ 

28 

07 

81 

1804 

tt 

28 

24 

88 

79 

20 

00 

February .. 

1 

Samnapur, 

28 

ftl 

79 

lft46 

tt 

28 

19 

4ft 

79 

2ft 

00 


2 

Patteriah, 

28 

67 

81 

189ft 

tt 

a? 

15 

85 

79 

84 

4ft 


1 

Natwara, 

28 

Oft 

84 

1426 

tt 

28 

10 

SO 

79 

40 

20 

4 to 10 

Teor, 

28 

04 

75 

1896 

tt 

28 

09 

20 

79 

ftl 

4ft 

12 to 18 

Jebelpnr, 

28 

00 

81 

1468 


28 

10 

40 

70 

68 

16 



Ditto Cantonments, . . 

... 

... 

.... 

1470 

tt 









Ditto Residency, .... 

*' * * • 

... 

.... 

1600 

tt 







19 to 20 

Pannagerh, 

28 

ftS 

80 

1477 

tt 

28 

19 

16 

80 

02 

SO 

21 to 22 

Poiiri, 

28 

02 

70 

1428 

tt 

23 

28 

00 

8o' 

08 

60 

2S to 24 

Mijgowa, 

28 

62 

84 

1660 

tt 

28 

24 

1ft 

80 

14 

80 

• 


NoTB.>-From the S4Ui of Febraaryi and throughout the whole of th# month of March, and part of April, 
the weather wai very unsettled, raining at intervals, and this ansettled state was followed by great heat in May 
and June, which became excessive in the beginning of July. The Thermometer at Tendukaira ranginf from 120^ 
to 128^ in tlie sun, and tVom 108^ to 119^ in the shade, which rendered Barometrical observations for height, too 
uncertain to be relied upon* 
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The barometrical observltiohi of the accJompanying table were in every case, not par- 
ticularised, derived from a mean of several during the day, and sometimes as at Sigar^ 
‘ Tendukaird^ and JebelpUff from a mean of several days ; the mercury of the barometer 
was taken out, the tube cleaned, and fresh mercury, purified by Mr. Prinsep, of Benares^ 
substituted at that place ; after which it was compared with his barometer, and as a check 
upon it, I used a box barometer of Sir H. Englefield. 

It was constantly hung up in my tent, aad the detached thermometer suspended in 
the shade in the open air, and I always waited, until the attached thermometer agreed with 
thot which was detached, or in other words, until the quicksilver of the barometer had 
acquired the temperature of the mr ; so that one thermometer was sufficient to register. 

• 

My method of calculation is that of Dr. Hutton, checked, indeed, by that of Dr. Ro- 
binson, but never altered, because the results were nearly equal, and my point of reference 
and comparison was a station of the grand trigonometrical survey at Sdgar^ which is 2195 
feet abo^ the level of the sea. 

I a.scertained by measuring a base line, that this station was 250 feet higher than the 
tent where my barometer was placed, and a mean of fourteen observations gave 1933 feet 
for its elevation above the sea according to Dr. Hutton’s method, 1933-|-250=:2183, dif- 
fering only twelve feet from the geometrical result ; and as 1 have used the same barometer 
and the same mode of calculation throughout — if twelve feet be added to each of the items 
of the table, they will, I conclude, be nearer the truth, because I have greater confidence in 
the geometrical results, than in those of the barometer. 


The 
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The stations of die trigbnohietrical surrey, afford all excellent opporthnity of compa- 
rison and check, and provided they are referred to at imderate intervals, . it matters but 
little what formula of calculation is used, if it is constantly the same, as the results cannot 
greatly vary, if the barometer is also the same, and the observations are carefully 

The average height of the first range of hills between Tdra past arid Kititra pass is 
about 620 feet above the sea ; that of the second range, between the Kattra pass and 
Lokargaon, 1060, and between Lohargam and the loot of the hills near Pattmya, about 
1200 feet, gradually ascending. 

The average height of the highest parts of the third rang^ or Baniair hills, ascertain^ 
ed geometrically fr<mi Lohargaon^ T^a, and Oatnho, is about 1700 feet, and as they are 
the same, deduced barometrically at StuOatpur and Pdtteriya, they are evidently a plat* 
form, like the first and second ranges, varying only from a perfect level by tbe undulationa 
described in the account of them. , 

The junction of the Sonar, Bearmi, and Ki-n rivers, is about 1000 feet, ascertained from 
Tigra and Garreho ,• the source of the Sonar, is I960 feet, and its fall 950 feet in a course 
of 110 miles ; the source of the Bearmi, about 1700 feet, ascertained from Samaspore, and 
its fall to its junction with the Khi, 700 feet in 105 miles; the source and fall of the Ken 
river is nearly the same as the Bearmi, though its course to the point of junction is only 
seventy miles, but there is a cascade in this river at the Piperiya Ghat 

The highest line of lias limestone, is about 1360 feet, and the lowest near Hat,hi, 
about 1070. The lowest level of trap in the S^ar district, is near Patteriya, about 1360 
feet, and its highest is tlie summit of the highest hills ; oS sand-stone, the highest level is in 
the vicinity of Se^ar or Baisen, and ito lowest the foot of the Tdra pass ; but these local 
levels have reference only to the tract which has fallen under my observations, and by no 
means apply generally. 

The cantonments of Lohargaon, are about 1260 feet, those otSdgar, about 1980 feet, 
and those of Jeic/pur, about 1470. The Residency of Jebelpur, is about 1500, and that of 
Sugar, about 2050 feet above the sea. 


The 
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The latitudes have all been observed by myself^ chiefly from meridional altitudes of 
the sun, when available, and when not, from observations of the stars, token with a good 
sextant, by the method of reflection ; the longitudes are from a large map of my own 
survey. 

With regard to the geological map, having previously surveyed a great porfron of 
the tracty I may, with some confidence affirm, that the topographical features are accurate, 
and so also are the outline delineations of trap and sand^stonej the lias required a more 
minute survey than my time afforded ; the outline of its extent is correct enough, but the 
sandstone coUines, which protrude through it are, in a great measure, conjectural ; and the 
primitive strata are comprised under one distinctive colour, as it would have required minia- 
ture minuteness to have delineated them, under separate heads ; the strata of Beragerh^ for 
instance, comprise a series from gneiss to dolomite in a space of two miles, and a delineation 
of them would have represented a ribband, with all the colours of the rainbow, rather than 
a geological arrangement, in a map of so small a scale. 


IIL 
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THE TRAP FORMATION ' 

OF TlfK 

S AGAR DISTRICT, 

And of those Districts Westward of it » as far as Bhofiolpur, on the 
Banks of the River NewaSf in Omatwara, 

By captain S. COULTHARD, 

Of the Bengal Artillery. 

A GENERAL idea of the number of sand-stone hills, rising through the 
trap formation of the district about to be described, may be formed from 
the number of villages ; for, although a few villages may be seen, situ- 
ated on the slopes of trap hills, the natives, as far as possible, have 
avoided placing their habitations on rocks of this formation, and there 
being fully as many sand-stone hills, without villages, as trap with them, 
it may safely be said, that there are as many isolated patches of sand- 
stone in these districts, as there are villages. 

At Panchamnagar and Satpdrah, places marked in the accompanying 
sketch, there is the lias, and about nine miles west of those places, or at 
Skmwa, the trap and sand-stone. The same , may be said of Pattariya 

tnd 
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and Oarakota, on the right hand, and Shahpur, one inarch on the Mt, 
or westward ; and then, if a line be drawn between these places as res- 
pectively mentioned, leaving the nameless rivulet as it occurs between 
SlmhpurmdPattariya, in the lias, and also continue this line south- 
ward to the red sand-stone hill, which overhangs Tendukaira, in the 
vale of the Deorl, there will be a tolerably correct eastern boundary 
given to the trap formation of SAg<ar. 


The vale of the Deori is of an older formation, than either the lias 
of the Hatttth district, or Ae sand-stone siibjacent to the trap of Sugar. 


That red rock, which has been alluded to as skirting the Pcori, 
near Tendukaira^ has its accompanying trap hills, and these, in their 
general direction, bend their course to Hasanabad; indeed at Sirmow, or 
soon after passing south of that place, the road from Sdgar to Hasanabad, 
descends this trap range, and afterwards continues at their feet, on 
the south side, the whole distance to Hitianabad. Let it be added to 
this, that the road for fifteen miles south of Hasanabad, or as far as 
Petraotah, is on the alluvial matter of the Nermada, a deep black basal- 
tic mould, and that at Petraotah, a hilly country again occurs, consist- 
ing of primary rocks, contingent on the granite of Shahpur, Mmp&m, 
and BitU, and then there is a definite bounding line on the sooth. 


If the cantonment of Biwpalpur, on^the right bonk of the river 
Newas, be taken as a point, and a line be drawn from that point to the 
Nermada, so as to pass between Stdtanpur mid Dewas, such! line will 
cut through the eastern part of the trap formation, described by Captain 
DANOKRFiBtD, OS that officer marks both those places in his sketch ; in- 
deed, that which is under description by ine, is a mere continuation to 
the eastward of tlie newest floetz trap formation, named by that officer, as 

occurring 



TBE SAOAB DISTRICT. 4 » 

occurring in the upper plains of Mahea, or to speak still more Correctly 
as lo direction, it is a shoot up north-eastward from it. 

With regard to the northern line of demarcation, I cannot be so sa- 
tisfactory and clear. If a line be drawn from Bhopalpur to Sermj, it 
will pass through the formation, under review, but as to how far this form- 
ation extends north of such a line, I have no precise information. The 
Maltoun pass is of sand-stone, and I believe this rock ends some- 
where between the crest of the pass and the village of Narett not far 
removed from its northern foot. The granite is at Tiri. An iron ore 
is worked to a considerable extent at a spot intermediate between 
Dham&nt and Marowra; DhamM has the trap and sand-stone; and 
the trap ceases five miles and a half south of Hirapur, whilst the bare 
sand-stone, freed from any overlying mass, continues until it may be 
seen resting on matter incident to the primary rocks, at Htrapur, and 
where, too, it ceases entirely. Nearly in this direction will be the 
northern limit of the trap formation, as laid down in the accompanying 
sketch, but much confidence is not to be placed in it ; the boundaries, 
however, to the east, west, and south, may be ofiered as sufficiently 
accurate. 

0 

It is eighty-four miles from Bhopalpur to Bhiha, and seventy-two 
from Bhiha to Sdgar, and twenty more bring us to Shahpur; and this 
line, though not a straight line, is sufficient to give a general idea of 
longitudinal extent. Hirapur, in the northern quarter, cannot be less 
than seventy miles distant from the southern boundary, given to the 
sketch ; and the whole of this extensive area is occupied by the newest 
fleets trap formation of Wesneb, subjacent to which is the new red 
sand-stone, shooting up frequently from below through the overlying 
rock. 
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It is a hilly tract throughout; but it may be better understood if it 
be said, that at Sldgar, in its neighbourhood for eight or ten miles arouhd, 
and also in every part south of Sdgar, within the prescribed limits, and 
as far west as Hasanabad, may be seen ranges of low hills extremely 
clustered, though always detached, bending about in their short course 
towards all points of the compass, and thus forming valleys of every con- 
ceivable form, though not commonly of any great extent, and never dif- 
ficult of access. But if the view be extended beyond the neighbourhood 
of Sdgar, towards the east, or the west, or the north, expanded valleys will 
gradually meet the eye, whilst the hills recede from it sinking in the hori- 
zon as they surround valleys farther removed from Sdgar, until these 
valleys are enlarged into extensive undulating plains, studded over with 
isolated trap hills, occasionally of a conical, commonly of no determinate 
form, whilst ever and anon, a short range of the same, deviating little from 
a straight line, will have its beginning, and its ending, within view. 

These valleys and these extended open plains, are every where com- 
posed, near the surface at least, of a trappean or basaltic mould, blackish 
in color, which reposes either on a bed of basalt, or on a bed of compact 
wacken. This compact basalt, or compact wacken, is either of an uniform 
ovate form, or else it is in angular pieces of middling size, and underneath 
these, as their occurrence may respectively be, lies an amygdaloid decom 
posing and decomposed, and which, as a retentive clay, keeps up the 
water near the surface, and it is so met with throughout this tract. 

As to the trap hills, there is no occurrence of a bold bluff escarpment 
belonging to them, their sides and ends are always sloping and rounded, 
and, as far as the angle subtended from the summit is concerned, of easy 
ascent. Their surfaces are thickly strewed over with of basalt 

or wacken, imbedded in a basaltic or wacke clay, and differing only in size 

and 
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aod fona in different places, in a* trifling degree. From one hundred and 
twenty to one hundred and fifty feet above the edge of the contiguous vale, 
may be said to be the general height of those that rise above the rank of 
swells and knolls, whilst a hummock, a cone> or something of a truncated 
cone, occurring in their otherwise even outline, and which serve to cha* 
racterise them from their sand<8tone companions, partially increases the 
elevation. 

The sand-stone rock is very prevalent, as a mound or rise, con- 
stantly having a village upon it, and situated often on the plain ground, 
oftener on the edge of the plain ground, with a trap hill partly resting on 
it. In particular parts of the country, however, ranges of sand-stone hills 
occur, equalling, though never exceeding, in height . and extent of range, 
those of the trap, whilst they are to be easily distinguished from them by 
their general evenness of outline; by their having vertical or precipitous 
escarpments at their ends, and on their sides to within twenty or thirty 
feet of the top; by the fallen masses lying about; by often sharply-de- 
fined, castellated, and mural appearances on their summits, and, in short, 
are to be distinguished by all that which has been remarked of them as 
exclusive, when occurring in other countries. They never appear inter- 
stratified with any other mineral, when they occur in the tract of coun- 
try under review. 

^ , 

And these swells and hills of sand-stone and of trap, most particularly 
the former, may often be observed sterile and bare, shewing nothing but 
some coarse grass during the season of the rains, which gives to them, at 
that time, a tinge of green ; but the vast majority of them' are ever thickly 
cloathed with vegetation, consisting of plants, and shrubs, and forest trees 
of stunted growth, in particulars only difilering from those of constant and 
every-where occurrence in India, and which have often been numbered 

and 
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and dencribed. And lastly, the flat and compressed surfaces of bothkinds 
of hill, are often of considerable breadth, and on the summits of the trap 
hills, not those of the sand-stone, more especially in the angular parts 
of the trap hills, as they bend about, may be seen a patch or cultivated 
spot. 

With regard to the general level of this land above the sea, I may 
observe that there is a peak shooting up from a trap range to the eastward 
of Raisen, which attains an elevation of something more than 2500 feet; 
but the hills of Raisen are much less, so also is thet sand-stone range of 
hills on the north bank of the Nermadi at Hasanabad. Sdgar, upon the 
whole, is the highest part in this tract. The centre of the cantonments 
at Sdgar is 1983 feet above the level of the sea by the barometer, and the 
hill at the mint of Sdgar, which is about a mile from the last named point, 
is something more than 2300 feet by trigonometrical calculation. I have 
before remarked, that Sdgar and its neighbourhood is a confined hilly tract, 
and that towards the east, and the west, and the north, the country opens ; 
and it is, in fact, taking Sdgar sa a radiating point, in those directions that 
the land opens that the general elevation of it above the sea decreases; — 
but not so much westward or towards Rhopaljmr, as the general elevation 
of the upper plains of Malwa, is 1650 feet, and Omatwara, in which Bho- 
pedpur is situated, belongs to those plains ; — ^neither is it so much towards 
the lower lias formation of the JSatUih and Garakota district, or eastward, 
because the elevations there are, in general, about 1500 feet. It is in the nor- 
them quarters that the principal, and a rapid diminution in height is to be 
observed, for the ilfaltoun pass, nearly due north of Sdgar, and six and thirty 
miles distant, is only 1000 feet above the level of the sea, by trigonometri- 
cal calculation; — Seronj, to the westward of north from the same place, is 
800, and Hirapur, to the eastward of north, between 1000 and 1 100 feet, 
by the same calculation. From all this it is to be inferred, that the elevation 

about 
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about the central point of Sdgar ia from 1800 to 2600 feet, and that in 
a northerly direction the land declines considerably, — and much more in 
that direction than it does towards the east or towards the west. In addi* 
tion, if it be observed that the primitive range skirting the alluvium of the 
Nermada, south of Hosamhad, was found to be on a general equality as 
to heighth, with the trap and sand-stone rocks of Sigtir, whilst the granite 
range of Bundelkhand, on the northern limits, is at least 1000 feet lower than 
those rocks of Sdgar, a point nearly midway between the two-nnmed pri- 
mitive ranges, all is said, it is hoped, that need be, to assist the idea as 
to what is the general elevation above the level of the sea of the trap and 
sand-stone under review. 

There exists so strong a fhmily likeness between all the trap rocks of 
this formation, that it may safely be said, was chemical analysis resorted 
to, a nearly similar result would, in almost every case, be obtained. It 
is always every where an earthy homogeneous deposit, by which is to be 
inferred that tliere does not occur in it any rock of a definite, or nearly 
approaching to a definite, crystalline structure : neither a coarse-grained 
basalt will be found, nor a syenite, nor a green-stone, shewing distinctly 
its constituent simple minerals, nor is there indeed either a clink-stone or 
clay-stone. It appears as a closely allied family of basalts of a very fine 
grain, of wackens and amygdaloids, all others, of the long list trappean 
rocks, may be thrown out of consideration, as of no alliance and of no 
occurrence here. 

No. 1.— Of the few varieties there is one basalt which has been said* 
to be similar- to the Rotvley Rag, and it certainly does agree very closely 

with 


* By Dr. Vonn, 1 belier*. 
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with the description given of that mineral. Its colour is greyish-black, 
—its lustre is slightly glimmering, and it has a flat conchoidal fracture, 
and is diiEcnltly frangible. • It is not here the rock of most common 
occurrence, but I name it first, and marked it No. 1, because it is the 
hardest. It does not rise above the surface, but occurs in beds where 
the masses are of an uniform, egg-shaped figure, perhaps a foot and a 
half in their longest diameter, or it occurs in beds, where the masses are 
angular pieces, or cubes disfigured, not much exceeding a foot in mea- 
surement any way, and closely set together without cement. — It seems 
to bedittle liable to external decomposition, and its surface, which is 
smooth and entire, is coloured a yellowish white. 

No. 2. — There is another basalt differing little from the last, except 
that it has not the same tenacity, and its colour is soot black. It occurs 
only in angular pieces. I mark it No. 2. 

No. 3. — Is another in colour like the last, but still softer, and which 
splits, with a moderate blow, at natural joints, into small four-sided prisms, 
coated with a blueish coating, like that often seen on newly wrought iron. 
— It is in the mass amorphous. 

No. 4.— Is a five-sided prism. When the bed of a rivulet or river is 
composed of angular pieces of basalt or wacken set together in a pave- 
ment-like form, the surfaces exposed to the double effects of intense heat 
and moisture, will appear cracked into a variety of prismatic forms, and 
occasionally it will appear such as No. 4. 

All these rocks seem to be, though not wholly, yet essentially com- 
posed of an intimate mixture of felspar and hornblende in an earthy state ; 
and the latter, or hornblende, is the mineral that characterises all the harder 

kinds. 
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kinds, whether compact or amygdaloidal, whether they are basalts or 
wackens, for their colour is black, or black only slightly modified : — ^The 
structure is always massive,— a laminated sp(fcimen could not be obtained. 

But the principal rock, throughout this formation, is that represented 
by No. <5. It is what is termed a compact indurated wacken, in colour 
black, with a very distinct brownish tinge. When first fractured, its sur- 
face has a much more glimmering appearance, than the basalt, but unlike 
the basalt, exposure to the atmosphere, soon changes its surface into an 
earthy dirty whitish colour. It is often very tough, very refractory under 
the hammer, but its fracture is flat and dull,— not sharp and splintery, or 
approaching to the conchoidal. It occurs in pieces, in length, breadth, 
and depth, pretty nearly the same, a foot in measurement, and which are 
set closely together, so as to form something like a stratum in the hills, — 
or in the vallies as the base of the basaltic mould; and it is also* the pre- 
dominating variety in those hills, which are of such constant and general 
occurrence, consisting of large rounded and angular masses, thrown up to- 
gether in the utmost confusion, with very little clayey matter intermixed; 
— and lastly, it may often be seen abstracted and alone, in something like 
large uniformly ovate masses, having a brownish and wrinkled exterior, 
and imbedded in a sombre reddish brown clay No. 5, is taken from a bill 
of the last kind. 

> 

No. 6 will exemplify the same where set as a stratum. 

No. 7 is also the same kind of wacken, but it is decomposing with a 
nucleus of undecomposed black matter, and the superficial and decom- 
posing part is a light yellowish brown;— further stages of decomposition 
might easily have been shewn to where the whole matter is changed to a 
greyish colour, and chips off into fragments like pieces of a small bomb- 
shell. 
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shdl» or to whew the whole maw is nothing but a soft easily workable 
clay, shewing however still the curved lamellar structure, and what it once 
must h&yo been. 

No. 8 has an aspect much resembling basalt properly so called, but 
its fracture is flat and sluggish. 

A cellular, or honey-comb mass, will often occur intermixed with any 
of the foregoing,— the cells of which aw extemaUy empty, and internally 
filled with powdery whitish oxide of iron, which immediately falls out 
when the stone is fractured, such is No. 9. 

No, 10 is wacken, with much olivine interspersed. 

And' No. 11 has something of green earth, and something of olivine in 
specks and splashes. 

No. 12 has rather mow of a blueish gwy than a black caste, probably 
from the fdspar rather exceeding its usual proportions. 

It is much to be wished that the terra basalt could be extended so as 
to include all those rocks named wackens for although thew is some 
slight diversity of fracture and frangibility, and some little variation in 
colour, yet a difiewnce in name seems quite uncalled for in regard to them 
and only calculated to mislead.— However thus much may be said, that 
those rocks in this list named basalt, aw strictly compact,--no casual 
mineral will be found, imbedded, — ^wbewas the wackens on the other hand, 
whilst they aw sufficiently compact to exclude any other term than com- 
pact, aw seldom quite entiwly so. An accidental mineral of the kinds 
incident to amygdaloids, may almost always be detected in them, and this 

too. 
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too, together with the similarity of paste, serves to connect them with 
these amygdaloidal varieties, which, as elsewhere, in trap formations, 
here most commonly occupy the lower positions. 

No. 13 is an amygdaloid which has been thought to resemble the 
toadstone of England. It has a black homogeneous paste containing 
chalcedonies, calcareous spar, and green,, earth. The former are often 
geodes coated externally with calcareous spar, and internally lined with 
minute crystals of quartz with calcareous spar filling up the cavity. 
Where green earth occurs in the same cell with siliceous crystals, the lat- 
ter appear in a decaying state. The. size of these imbedded portions do 
not, in general, exceed a nutmeg, although the chalcedonic geodes, &c. are 
sometimes a little elongated to the extent of three or four inches, and their 
sides are compressed. 

No. 14 has the same paste as the former, though softer, and except- 
ing green earth, has the same imbedded minerals ; and when these are of 
a moderate and usual size, very pretty specimens of the whole rock are 
afforded, but in general this variety of amygdaloid envelopes very large 
sized portions;— a cylindrical. geode of amethystine quartz was found 
measuring thirteen inches in length by two and a half inches in diameter. 
It was coated internally with beautiful quartz crystals, with calcareous spar, 
as stated in the previous specimen, filling up the cavity, and this mineral 
also coated the geode externidly, and was seen much in splashes in the 
paste proximate to the cell. As regards these amygdaloids, it would seem in 
proportion as the contained mineral is large, so is the containing matter soft 
and friable, though still retaining its colour, a black, when fresh fractured. 

No. 15.— Paste as before enveloping green earth, chalcedonies, and 
zeolites, the latter predominating. 


Q 


No. 
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No. to.— Has a paste of a blueish grey colour^ and appears almost 
completely saturated with calcareous spar; tliough muc^ softer than any 
of those previously mentioned, it possesses greater induration than Nos. 
17 and 18. 

No. 19. — Is an amygdaloidal mass, consisting of innumerable pea* 
form nodules of calcareous spar, cemented together by a thin cement of 
basaltic or wacke clay of a light colour. 

9 

No. llO.— Is fully engrossed by minute crystals of zeolite, excluding 
from the paste any other mineral. 

No other trap rocks, than those I have mentioned, are here of obVious 
and constant occurrence, at least if any other varieties exist 1 saw them 
not. — With regard to the simple minerals contained, calcareous spar is the 
most abundant, green earth, chalnedony, and quartz, are also very preva- 
lent, but the zeolite minerals may be quoted as scarce. Well defined 
jasper is rarely seen, but something above an indulated clay, what may be 
termed semi-formed jasper, is of constant occurrence, so is homstone ; and 
both these last are to be found independant, but they are more generally 
lying conti^ous to the limestone from which they are derived. The 
irdh clay so easy to be mpt with every where, would hardly ever satisfy 
the mineralogist, for it is for the most part amygdaloidal, and not a simple 
mineral. It sometimes rises to the rank ef a poor earthy red ore, and it 
is as such worked nm BarsetA, newt Baiaen, and at the source of the 
Dasam, &c. Olivine throughout is every commdn,— but I have never 
procured either a crystal of hornblende or of augite. 

But to the trap, not to the sandstone, belongs a hard white earthy 
limestone, harsh and gritty to the feel on the fresh fracture, and in which, 

rather 
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Mther spariofiy, ardJmbedded small ronndedr particles of cakareoas 
spar of a yellow colour. It belongs to the trap, and it is, moreover, ever 
attendant upon it throughout its range. Near the surface, or where it is 
in immediate conjunction with other matter, it may be found varying in 
colour and varying in the quantity of spathose matter. Very frequently, it 
will be of an ash colour, and the spathose particles, which are white and 
thickly set, forms the minority of the mass. Other specimens are red-^ 
dish, brick red, deep chocolate, or brownish black;— .others. again might 
be produced, of which it would be difficult to say whether they were 
limestones or amygdaloids; — ^but always in propoctiomas it is coloured so 
is it the more clayey, gritty and impure, — ^more affected by foreign matter 
than that substance, which I have described, as the principal and charac* 
terisflc rock. 

This limestone rock is never found in the valleys, it is confined to 
the hills, and low swells, and generally forms' the basement stratum in 
tliem, ascending somewhat above the level of the contiguous valleys. A 
stratum of this kind, is always sufficiently obvious in a bill possessing it; 
for along its sides, or at the ends, either a white patch mouldering by the 
weather immediately catches the eye, — or large rolled and angular pieces 
stand about, of a greyish colour, and very iliscemihle from the blacker 
trap; though the continual line of the stratum, where it juts out to. day, is 
not easily to be distinguished, the knobs, and exposed parts being gene- 
rally covered with a blackish oust, and also intermixed with masses of 
indurated trap, and other more earthy matter, debris of the same, slid 
down from, above. A white patch of this limestone, mouldering by the 
weather, is the source, frenn whence, comes the particles of kanker, found 
intermixed with the black basaltic earth of the neighbouring valley, in 
such proportion, as to add increased fertility to it; and if a rivulet mean- 
ders through that valley, and such is generally the fact, patches made up 

of 
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df aggregated particles of the same, will here and there be found, and this 
it is which the native families pick out and work into lime. Where the grey 
coloured, larger rolled, and angular masses occur, there it is that a hornstone 
and jasper is to be found, though not both together in the same spot. The 
introduction of silica is of course the cause of the wholeness, and indura- 
tion of those masses, which easily effervesce, but endless gradations are 
to be seen between these, and the two other minerals just named. If in- 
durated clay, and semi-formed jasper are the derivations, the colour of 
these will, for the most part, be deep yellow; if green earth is the consti- 
tuent of a neighbouring' amygdaloid, the specimens will offer two colours; 
green and yellow, or yellow freckled with green. The hornstone varies 
much, from deep chocolate to straw yellow, from flesh coloured to nearly 
white. The flesh coloured hornstone, or chert, and the specimens sbiwing 
the lime-stone passing into this flesh coloured hornstone, or chert, found 
at BafyU, about seven miles westward of Sdgar, resemble exactly the 
same substances brought from the lias of the Uattah district, or eastward 
of S6gar; and this, together with the yellow fragments of lime-stone, of a 
tooth-like form, and sompwhat dendritic aspect, also found at Bapyk, as 
well as elsewhere, is the fact that has much tended to increase the idea 
Utat the lime-stone of the trap of S&gar, and districts adjacent, is the 
lower Has half calcined, and disguised by the trap. 

Some specimens of that whidi 1 have called the characteristic lime- 
stone will not effervesce at all, whilst others do so, but very weakly ; but 
still oftener the acids take effect with sufficient briskness. Often the 
stratum of lime-stone is broader than the trap, which reposes upon it, and 
upon the mounds, and swells of lime-stone at the foot of the hills, occa- 
sionally will be found, a spot solely occupied by innumerable small frag- 
ments of spathose matter. These fragments are of a striated and radiat- 
ed structure, and appear as if they had been purposely broken by the 

band, 
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hand, and clustered together to the exclusion of any other matter ; hoir- 
erer, it must be added, that some laf]i>ecimens of this species of spath are 
seldom wanting wherever the lime-stone rises to day, indeed the crys- 
talized matter of this formation, when not imbedded in other substances, 
seems mostly to present itself with either a fibrous, striated, or radiated 
structure, and it is in its nature not pure and translucent. 

A calcareous cement in these trap vallies, and hear a streamlet, is of- 
ten found forming trap tuff, that is, found uniting small pm-fmn speci- 
mens of all the rocks, incident to this tract, into a mass, or bed of some- 
times considerable indnratiou, the surface of which will attract the eye 
by its rusty iron brown aspect, and its sterility. 

It remains for me to describe the sand-stone underlying the trap, and 
so very often rising up through it, in the shape of hills, and swells. It is 
in no instance, that I have seen, interstratified with any other rock. Red 
marl, or clay, is sometiihes to be seen alternating with it, in thin streaks, 
resembling the same rock'under the lias of Hutta, Galls of clay, or 
lithomar|e, may frjequently be found imbedded and as to its colors what 
elsewhere has been said of the same rocks in this regard occurs here, 
namely, they vary from a dark chesnut or chocolate, through red, reddish 
and salmon coloured, to nearly white and white. Massive kinds often 
shew two colors, — seldom more than two, and these two colors ate a grey- 
ish white, and a deep chocolate, or it is a deep chocolate speckled with 
white spots. The slaty varietift, on the oHiier hand, are exhibited cloud- 
ed, streaked transverse to the structure, zoned, green, brown, red, ochre 
yellow, orange yellow, &c. See., are, in fact, seldom exhibited, otherwise 
than with much diversity of shade and color, except perhaps a green va- 
riety. These slaty kin^ are extremely micaceous, and the colors in the 
streaked varieties above alluded to, change at the line of cleavage ; and 

R * lastly 
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1^1^ , flic eyg nflfer fteiceiyai aaty inrliBatiiMi -iroadi nieiKtiiamg/: or lni> 
(ftnmihe harifaHital poritkmi -teito. nrhtte tie«ted in the whole 
idhdingito their genettletr. and ioodL, oriiiienTiewedin any paint a3re> 
gardsthe constiitueiit, angvlarand tdhular masses tof these saad-etone 
socks. AM IhiSileads to the decision, that the rod^ in question is the new 
red sand-stone, and theiower diaisionef that formation as defined by 
Macculloce, otherwise the principal compact rock is by no means so 
tender aa to beimfit for economical purposes. On the contrary, itisahard, 
glassy, splintery Substance, evidently oemposedioffine grains of sand held 
together by a solution of silica, a^ assuredly not a free' working stone, 
•though it is squarred with some difficulty, :and failure, into appropriate mass- 
es, and every where used as the common building material. V ariettas of less ' 
frequent occurrence, and differing little from the principal rock, except in 

being somewhat softer, are hewn for the .asdilitectural purposes of the 

0 

smffil temples of wotrship, and chisseUed to produce alto rolievo represen- 

tations^of the various Deities, &c. 

« • '* , 

Xhe trap<mantles round .at ;the feet of all iffiese sand-stone lulls, and 
ronders them i^lated as^raS)rogaTd8itbe surface of land. 'The an- 
gidar masses iM«q>osmg:the hUls, diffar mwb iniro.easar^Bieat,whiUt^lhey 
lUre set together very closely in a horizontal posiUoa ; or if any rommikable 
dntorval exists between the masses, wl^ie the vertical separation oocurs, it 
is generally empty, no clay, no debrts,. AOfthiag wUl be found. The massive 
bi-cofowedblooksasettiot ccmfined to lany parttonlar spots, they are casual 
every where ; /and ithe same isi^tobesaid^f theslaty species, foraneat 
.of teiis latter will now and tiimibe seen with An immense mass of the 
■common «hareQtaiiatie massive kind resting tqpon it; <though 
Satgtrh, Qanfimr, ^Uaa, and JKomadgiAw!, there would flpfienr to be iS 
continued 'Stratum, occupying n . plane in itlm wh^e line of the hill, at 
leach of these placws. .Often jsl-ths tends, of the< hills, .them is >a bluff 

* ragged 
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tfaetwMtothesuRumi. ,0f<eiie« t)ti^i9»ye?y bptti 

ends end edong the aidet fn)nt1the^ge of Ow^trep. that is the bjiw# of 
the hill, to within twenty ot thirty feet of the top i—firom this the took 
continues upwaidspredpitoiM end rugged, 1104 the crest U gnined only, 
after difficulty and search for particular points. The matter that gives 
the slopes described, is merely sad exclusively the debris of the parent 
rock; and the vegetatien, which clothes the sutface, spring up be- 
tween the fragments, time, and the elements having worn odP matter from 
those fragments, and so gimerated something of a soil beneath them, 

I might have mentioned before that the principal quartzose sand- 
stone, that which I have deaerihed, when first fractured, and brought from 
the quarry, is of a beautifal sky blue, ' which soon by exposure turns to 
such as the specimens shew it, a salmon color or fieeh color, , or slight m®* 
difications of these. The slates of JSktgtrh, if they split off less than ivo 
inches and a half thick, ate too friable and are thrown aside as waste. 
Some of the quarries are already abandoned, mid the whole appear to have 
be«i commenced about half way «p the hill, .on^e crest of the more slop- 
ing part, at the eastern end, and thence along both mdes to some distance, 
A slow fire of stout sticks of green-wood, is placed on the inner side of 
the table worked, which at length cracks it down about a foot, apd as a 
whole, it is then -tapped into partsof the required length and bseadth for 
paving, evesof houses, &e. It is the slates of that aoswer fi»r 

roofing, these arc generally sodtefiiing bettor (ban half an inch thick, and 
they are flexU>le, that is to say, the effects of the sun warp them, so much 
80, that if put on with a cement, they crack and break. Finally I .nuty 
add, -that a thin oevering of zefase and stoney* stuff, crowns the summit, 
resting upon table-shipped j^eces, ' which repose on laiger : cubic .maOses* 

and thus ffirdowntrinds the aspect of the vhole is bare, rugged, and either 

perpendicular, 
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perpendicular, oroverhanging atthesideB ande&lfa^ of the hill. To the cubic 
succeed a atratum of slate, after which again the massiye in large 
blocks ; both these covered by the debris, which 1 have spoken of, as form- 
ing an easy slope to the sides and ends of the hills, easy as* to the length, 
but of troublesome ascent, because of the looseness of the component ma- 
terial. Such is the hill of Satgerh, surrounded on all sides by the trap, 
and such too is the predicament of every sand-stone hill, throughout this 
trap formation, with exception to a continuous stratum of slate, which of 
course is comparatively of infrequent occurrence, though small nests, or 
patches of it will always be found in almost every sand-stone hill exhi- 
bited through the trap. 

A conglomerate or breccia, having an argillo calcareous paste, colour- 
ed red by the oxide of iron, and enveloping angular pieces of various sizes 
of the proximate rock, will often bok found at . the feet of these isolated 
sand-stone hills if a streamlet winds its course near ; or there will be at 
such points, pudding-stones, and breccias, varying in color and aspect 
froih this described, and occasionally too in having an argillo siliceous 
instead of a calcareous paite ; but neither these nor . that just described, 
are of any geological importance whatever, and the same may be said of 
the trap 'tuff. 

Whether a well be sunk in the trap, or the sand-stone, the water is 
always found at a very easy distance. It may often be come upon, even dur- 
ing the dry season, within three feet of thd surface in the vallies ; some- 
times it will be so low as twenty-five feet, whilst the medium is about 
twelve, and from that to fifteen. , It is the toad-stone that limits the depth 
if the well be excavated in the trap; — the sand-stone is of itself sufficient- 
ly consolated and retentive if the shaft has been sunk in it. If the edge 
of a hill or swell is pierced, of course the vertical height of such swell or 

hill 
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hiH mist be added to the maasarement just given, for instance the well 
on the edge of the hill at the mint Sigar. 

I 

The surfeee of the sl<^, where this wdi nras opened, was thickly 
strewed with large black wacken boulders, and these continued for some 

little depth below the surface, enveloped in a dark reddish rusty ferruginous 

0 

wacke clay, succeeded by a bed, ten or twelve feet thick, of large angular 
pieces of a deep chocolate coloured basaltic homstone, underlied by a bed 
of yellow clay, which yellow clay or iithomarge formed indeed, a sort of 
coating or lacing to the superincumbent homstone. To these followed a 
stratum of limestone, similar to that of the cantoUment wells 'of SAgar 
resting upon the softer amygdaloids, which 1 have numbe^: In' these 
amygdaloids the water presented itself at a distance of forty-seven feet 
from the surface. 

I 

The following are the strata met with in a well in the cant|nment of 
SAgar on a swell of trap. 

. * F. In. 

Rubbish and soil, . . ..... .... 1 6 

Indurated wacken in angular pieces of uniform arrangement, 10 0 
Wacke changed by calcination into a species of puzzalana, 1 0 
A thin black streak (rather remkrkable)a vegetable deposit, 
changed by calcination, so as to disintegrate and fall tp pieces 

in water, .... .... 

A white, hard, earthy limestone, sometimes effervescing weak- 
ly with acids, sometimes not at all ; small yellow specks Of cal- 
careous spar are seen in it, and occasionally a concretion of a 
purplish j^y colour occurs, violendy affected by dilute muriatic 
acid. . . > 

•••••• .•••• 

Wacken 
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‘ 'Hie; 'dijBEneaefl'ai depth tht^oecuasin theraUiee, hefoTP ^h® ia 
attaiikeidk^ oraMt Ireih the foim ol the vaUiea heif g alvays cpiip^vf , and Jhe 
besjEdtic hlaiek mould deepest in the central parts- Tits s®il» whatever is 
Us occnsring ^ihkoesst ' mnSt be; pierced, ' apd als® the indprated wspkep 
othasaU, whjeh erer it may be, and then, the water is found resting on 
wacke’ clay or amygdaloid.-i-The’sand-stonc keeps up the water eyen to 
a higher level than the amygdaloids of the vallies; — and the occurrence 

oCeitbeni^tlimseirocka liUmsall the phenomenadwater in these districts. 

. ¥ ' \ 

<' Kroceeding from the centre of the cantonments of Sdgar, and travel- 
ing westward, yon descend and cross the flat, which is the general parad- 
ing grpundv and at Ua oonflnes, you coipe to a aiwall isolated rise of sand- 
stone bn yonr right, on whiph is huih aidsoAgodown and a bungalow, 
and on theJeft a ridge, a bsatach front the sand-stone forming the basin of the 
Sdgar Ipko; pia^ipg the town, and a littlp beyond the wall on the western 
,side, a 'rivulet is crossed; then the road leads by a gentle ascent for 
two milcst to « Ipw swell of trap» through a gorge or opening ‘in udtidh you 
enter the vallSy^ of ^pyU, and: find a trap range close on your left, and 
one of a!snd>stone mi your right, flve or six hundred yards removed, form- 

* t 

• ing the southemi andmorthern aides of the valley. This vblley is the pracr 
tice ground of the Artillery, and must be at least threb miles in length. 
At the western extremity another range of sand-stone occurs, either end of 

which 



mgfiM piUii» ,^w, ;tli9ugj^#49 ,eloflgnted 15l,jiiid S., to ^opeUttle 
;*Wg«d iMUomcMltt coppedxjb a piotiwesqae 

iiaweir,. i^j^h a dispropoBtioo/od Q)#Aa .raaemblmg a. rockingrotoae. ia jobir 
ad {>7 a low aeck b> tko qAw aa«d*stone jraoge>heret aad pard)r,QQ'.the de- 
cljlT^jty ojf jibe paio samd-fitonOi and partly; om ahe low'.neck is aituated .tlie 
yillagpof Jffofjfkf tixe bumino<^. only sapazated iby a lUttle 

broader spajce t^nm is occupied by the intervening load, ;tbetBap rangd, 
the southern boundaiy of the vahey, eonies to apdint, .where ds seen, the 
Ume-slone, and the desk eolonre^oharty matter, ioenung, a be^ aoimd the 
base of the hill, and lying about,|h, jusbitish and greyish tnassosi—' 
The trap range d<;^ no^Axpite at this paiotr.iit jneraly, instead of eonti- 
naing as it h&d done heretolore in ap eapt aod,a;{istdii»ctiahi,i twps^sud- 
denly to the south,' and sweeping spund to the west agpin, lorms, by so 
doing auothef large valley, along the northern .side of which you proceed 
on the ronte after leaving The river Daa4o» is crossed at SeAorah, 

thirteen miles from A'dgar, and then anoiher village occurs, 

idbo whole way being. on the trap, and the road at a little distance from 
the trap and sand-stone hills, until at length you gradually asoeod the 
sand-stone hill.of Batghtr, twenty six miles froimA’(%»r.----ThisibiU:is wedge- 
shaped, lengthened outcast and wost,,andat.ihea(es|»end;thefQrt i^ placed 
on the brink of a high perpendicular oliff, at the hasp, of whichcliff flows 
the Bim towards the north* To cross ;.|he Mm yon daw^.^fae ridge 
of sandfStone before you teach the fort, twn out .of the vil&ge/ down^to 
the right, or northwarda into ^e Jojw groand* . The, fosd df the stream 
is Ailed with large masses, of sand-stone, ajtllrds ithe; traveller^Mpar. 
ticnlarly at night, very troublesome >to^pass,r:rA^r gaining tbe.westibaak 
fourteen miles oyer an pndulating .tract, hpnng-a gentle -ascentt brings 
you to Bagrqdg, whare mwipences a trap^range on , the crest of wbieb 
you proceed to wlthiu three miles .of Q/ofipwr*. Hiiring .this eonrse, lyou 
sep to yopr righ,t a very ex^tepsive plain, studded over .with trap, and 

, sand-stone 
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s&hd-stone hills of various forms and aspects, and among these the remark* 
able sand-stone hill of Teonda, with its summit presenting the appear- 
ance of a hill fort wall, with its buildings within.. The route by Teonda 
from Ratgher to Biha is often taken for wheel carriages, to avoid the 
pass of Oarspur. This pass, the summit of which is about three miles 
fW>m Garspur, occurs in consequence of the road descending the southern 
side of the chain, the crest of which it had hitherto occupied in an east 
and west direction. The chain too here becomes forked, one limb stretch- 
ing south west in a straight line, though not with perfect continuity of 
existence, to near Raisen, the other proceeding directly west to the Betwa. 
In the angle thus formed the road descends diagonally, and is extreme- 
ly roqgh. It is covered, from the highest part to the lowest, with large 
globular aiiid angular masses of compact and amygdaloidal indurated 
wacken, of a black colour, whilst the enveloping clays, in some parts 
of the line of descent, appear yellow, in others a dirty reddish brown ; and 
there likewise occur at least two strata of the characteristic hard white 
lime-stone, the one rather above the centre, the other near .the bottom. 
At the bottom or base of the hill there are collected innumerable masses 
of the same black boulders as belong to the hill, intermixed with pieces of 
black hom-stone shewing veins of white quartz ; also knobs of indurated 
clay, or semi-formed jasper of a yellow color, or yellow and green two 
colors ; botryoidal and mammillated lumps of a yellow horn-like chalcedony 
decaying, and variegated by the grten earth contained; geodes of a pseudo 
amethystine quartz; often filled completely with confused crystallisations 
of the same, intermi:Kd with balls of either a yellow, or pure and trans- 
parent calcspar; thin tables of quartz ; small flattened pieces of common 
chalcedony thin tables of quartz, white and opaque alternating in lay- 
ers with chalcedony greenish grey and translucent, and coated exter- 
nally, on the flattened sides with crystals of quartz small and brilliant, 
and other similar siliceous and calcareous matter, (the latter not separate 

and . 



THIS SAdAIt DISTRICT.' 69 

and alone,) such as once probably W«u3 moire' idthhately connected 'witb 
the amygdaloids, and vhich now for ages bann in the main resisted the 
force of time and exposure. The moment you are clear of this fallen mat* 
ter at the foot of the pass, you step on the sand'Stone, which is exposed 
to-day in the whole axiUary part, the bounding trap ranges resting upon 
it. It is uneven, much covered with fragments ; swells and hillocks ap- 
pear upon it, ,and amongst these that on Which is placed the village of 
Chrspur, higher than the rest somewhat, but not so high as the contigu- 
ous trap. It is situated about a mile and a half from the foot of the pass, 
and. it possesses some little length, or at its.f^ot the road runs about half a 
mile, in a W. S. W. direction. After leaving the ted ground, and coming 
on the black soil again, the sand-stone still continues to attract occasional 
attention, protuding up through the trap, until ybu have passed the dis- 
tance of four miles. From this point, for twenty miles, there is a general in- 
clination of the trap land to the Beiwtt, the hills being farther, and farther 
removed from the view, as you advance^in the large open cultivated plain, 
at the W. S. W. extremity of which stands Bhika on tiie east bank' of the 
Betwa. Here the sand-stone occurs as a large plat of some hundred yards 
diameter, generally even with the trap ; but in the central pairt, it sudden- 
ly rises up, and forms a curious clump about one hundred and twenty feet 
high and flat at the top, where there is just sufficient hrea for a Mos- 
lim tomb, and another small building or two; remarkable in the distance 
from their white appearance. If Bhiha be takenWs a point, and a‘ radius 
of six miles swept about the west bank of the BatuM^ it would every where 
pass over sand-stone hills ; they are much clustered thereabouts. JOaim- 
AreroA where is seen a very anciently sculptured rock is situated amongst 
them. The town of BhUsa is placed on the east bank of the Beiwa% 
between it and the solitary sfmd-stone rise alluded to. In a N. W. direc- 
tion a bed of iron clay dopes off this rise, so that Utaa Betm and the 
Bheis, which joins the Bam a little northward, cuts through it, mid the 

X angle. 
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angle, formed by the function of the rivers, is occupied by it ; bUt; after 
haVihg gain^ the vest*' bank of the BAetV ’ii' is soon lost. The road 
how continnes on^the trhp, the hills for six miles being solely of sand- 
stoad; more West than this ft is metely a trap plain on which oc- 
curs KeSukherd f twelve miles frtAn' Bhitsa. Beyond Kmkera, the route 
bdng how to the norUiward of west, the plain still continues for five 
ihiles^ ^nd then you ascend and cross a raiige of globular trap hills, dis- 
tant from ^Barm ten miles, with 'nothing remarkable in the interval. 
l^sia is oh a- larged mound of Wmygdaloidal iron clay, sterile and bare 
in sokh pArts, apparently hi^ly productive in others ; in the immediate 
vicioit]^ of the town it is gravelly and red in aspect: Four miles in ad- 
vance, or 'at Rdmgerhi, this clay again presents itself, rises even to the 
rank of ah ote, and is as stich Worked, and the produce sold sufficient for 
the- purposes of the bazar of Barsia. Immediately around Danaora 
the sand‘«tone hills shoot up. KaluUera, sixteen miles from Barm, 
is on ffie trap ^the Sumra, anmatl stream, winds about the village, wash- 
ing outfits way through large blocks of wacken and basalt. The fort is 
built of egg-shaped masses of the latter, ’ truncated at one end, which end 
is set outwards, something like the flint with chalk to be seen in some of 
the ancient houses of Hampshire, such as Chawton-house and Farleigh 
Wallop, though the stones here used are four times as large as a com- 
mon ‘ftint. Between Kalukera and Narmhgerh (a march of fourteen 
miles) you pass the ’ Parwa and Pitbati, only worthy of notice as shew- 
ing in their beds the trap and basalt covered with a whitish coating, and 
cracks in to various prismatic shapes. The sand-stone range at ^arsit^- 
gerh runs directly N. and S. beyond the reach of sight. ^ The village is 
situated in the deepest part of a circular hollow formed by the partial 
winding of the hills, and the trap has there found its way, though a base- 
ment of sand-stoiie completely- occupies the narrow throat or entrance 
over which the road leads into the hollow. The trap is composed of balls 

decomposing 
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decdmposing of the concentric lamellar kind, ai?d the water in a well, 
where this trap was identified, was fifteen fe«t from the surface in the 
month qf June. Rising out of this hollow you go up a very long and steep 
ascent of sand-stone, and when the crest of the hill is gained; there is but 
a trifling comparative descent on the west side to reach the trap. The 
space between this and Bk(^pur has nothing of .interest, the .country is 
more undulating, and more open, hills and hillocks are less seen. ; The 
RTam and Pddo rivers, occurring before you reach differ no- 

thing from the Parwa and Pdrbaii, neither does the Ni^as in advan<;e 
at Bhopalpur. It is fifteen miles from NarimhgerJi to Bheiwiq, ahd ten 
more brings you to Bhopalpur on the banks of the Newas, and to an ex- 
tensive bed of basalt (the Rowley Rag,) not risipg above the surfacie ; thirty- 
six miles beyond this point . in the direction, of. J^ton and Kota, i. e. at 
Bhalla the trap formation ceases. It is seventy-two miles from Sdgar to 
BhUsa, and eighty-two from BhiUa to Bhopalpur. In the first part the 
vallies and low lands are generally pretty well cleared and cultivated ; — 
in the latter they are wild and their fertility neglected, they are overgrown 
with brush-wood and jungle, and cultivation, at least along the line of 
march, is only seen in small patches about the villages, just sufficient for 
the support of the inhabitants. 

Departing from Bhilsa and taking the route to Jlasandhdi^, the 
sand-stone hilt of Raisen is met with at the distance of fifteen miles. It 
is in shape like that of Rdtgerh, but the highest point is the east end, 
and the fort is perched upon it /acing that quarter. It is very conspicu- 
ous for many miles around, and said to have been built by thecelebmted 
King of Ayodhjfd, as a place of refuge from the temporary anger of his 
brother, and that the hill arose at his desire,, but whether with the aid of 
an igneous, or aqueous power the upheaving was accomplished is of course 
the question here requisite. Banchor the next stage,' as its name imports, 
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•ig pie entrance to a for^t of timber crowning th^ summits, 
^#ides apdritflfW r^.upon 

;fo«dpi»ss^'tiu«ii8b mhd,fJl^Ml^0r^, and 4*«^P»r, or.,ai^d»^^ 
of tvon|^p|pc;inilaa« and, ittav;|OipprJy .direap(SPi#»#n^ turns south or 

4 Q^,^!^V«HX,af ,the hiUs t^f^tr.Bwles, and 

of th^vJI^(«»«ods. ’Tha. road descending is mi- 
i^^. ruggedraod oocasimtaUy^ the size... and ipomtion of 

pia siip^S. itis i%fact hot^ a water coursa: It is sixty- 

milag BUlsa TJbs .04^ of the alluvium 

10 , thri?^ P®®P® to day at 

jBra<(^#4d, and is seen no .morev Fifteen miles over the black basaltic 
mould. <^t 4 Uuyim.bripgs . you to Petraota, where cmnmmice , primordial 
;n{clu,,ei|dpMI in the|^ta,oV»i»^ and J5e»m* 




,j - l.paght ^ have, stated, that the trap range branching off atGor^, 
approaches very naar to MaiUn, and aX .ffw^chw forms the eastern 
h9tmdairy.(^|S^ then after bending about, in a 

aouthatly dilution, and skirting the sandstone, it proceeds eastwards by 
the som^ .j^fjhe i^traiao, in fact, the southero 

bonn^aj^^.ofp^e trap, formation as described, . 


f.u .^Vthwest of S4gar, or ip the.,4irefitic»i M.Serafy,. and., north,,, or in 
the d^tion of itfa/hnov^'.atUl t^.cn^ is precisely; the same, except 
in, the lifter ,saae,.tba aand.f tone ,^0 predomih^ Eastward of 
the,pgpi lis u4l# ^vO march beyond, and 

cnafes, only .near the nameie8s.|i^lcd!be4ieee^ that jdace. and PatAanak. 
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JforUi>eaBt .of i%»rADie sAnd-stone oiftea appear*, bat only as avells 
rising little abore the general Invel. The trap preTails natil you liiaTe 
passed Smwa, three miles and a half, there it ceases entirely, distant 
from S6gar forty>fiTe miles. From Samta east to SifpAxi' and Pmeham^ 
ttagar in the lias, it is not*more than nine or ten miles, and these places 
are about the same distance from Hirapur, dne north of them. A section 
made from Hirapur to either of these places, and from tUbn to Sanwa, 
would be highly inbieesting, and most probably establish cleariy the 
relations of the granite, conglomerate, new red with its overlaying trap, 
and the lower lias. , ' v’ . • 

Where the trap ceases, it does so abruptly. It possesses a vertical 
thickness of about sixty feet, and it has been cut down to make the slope 
easy for the road. At the foot of this short pass, which is still very steep, 
is the sand-stone supporting the trap ; and this sand-stone is not now a 
hard, glassyt difficultly frangible, splintery substance ; it is become a fine 
grained, white, saccharine mineral, with a flat even fracture, coloured ex- 
ternally a light red ; and with the exception of one fall, about half a mile 
after leaving the trap land, it presents a very even surface, its blocks be- 
ing freed of debris forming a pavement base for the road, a distance of 
four miles ; the sides of the road meanwhile, shewing much overlying loose 
matter with long grass intermixed, and occasionally trees, as you advance, 
approaching more and mole to something of a timber size. Only one 
small hamlet presents itself distant from the road sitb on the right hand, 
perhaps a mile. At the expiration of this wild flat, three hills are crossed 
in succession,. con^)osed of the^ sand-stone masses, rather sparingly and 
loosely set together in much red clay, and quartzose matter,, and covered 
very densely mth jungle and forest wood. These hills are of no great 
height, but being separated one from thh other by ravines or water-courses, 
they are short, steep, and troublesome at the points of separation. From 

. the 
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liil vterge of tiM Bninmtt of tho fast hill, which auamit is more than a 
mile in^breaidtik, yon look down;-' over an intenrening conglomerate 'rangot 
into the Talley of Hfrapur and on ^descending from the summit, within' 
omi'himdred yards from the. basei^speaking as to the line of road or slope;' 
nd'to the Tertioal height, you see the nSit red «md>stone reposing, in a 
horizontal position, on a stratum of brownish Mack ferruginous clay, and 
earthy iron die of the same colour. — ^Wasnot the sand*stoae to be seen 
actually -reposhig on the stiatnm ijust mentioned$>vftiU that a change had 
taken plaoe no one could fisil to observe; for the ground, from being 
bright brick red, suddeidy changes to a brownish black, with a harsh 
gritty gravelly tread, as if you were in the neighbourhood of some great 
fottbdery; and so it continues to the base of the hill, and onwards along 
the low ground as far as the conglomerate hills. These conglomerate hills 
surround the whole valley of Hirapur, and are heaped up immediately 
on the granite from whence they are derived, or else they rest on horn- 
stone petroSilex. The individual hill at the south-west point, or the 
point at which the road enters the valley, is not more than two hundred 
yards removed from the base of the sand-stone hill,'— only separated by 
a small hollow or curriture, strewed over with lumps of iron ore and pieces 
of quartz and felspar, &c., but not a fragment of the new red. The com- 
ponent matter of this conglomerate hill, as well as all the rest around the 
valley, is a sombre, dark red coloured clay, enveloping variously formed 
large masses, the conglomerate, or Breccia proper, made up of angular 
pietos of white fi^par, and occasionally grey pseudo limpid quartz, sel* 
dom less than an inch in size, agglutinated by a highly indurated cement 
of the'samesombtoferruginouselay justhoUced;. or tho paste is still hard- 
er, conunon quartz discolouredjb)^the oxide of iron. From the conglomerate 
boundaries< to the centre of theividley, the granite eveiy where is open to- 
day and laid baro; it rises also- in the centre, sinking towards the bound- 
ing hills, > and iron ore is strewed about all over those hills, and at their 

\ 
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heti eveii ob the granite. The foim of the Hirapwr valley is oval; its 
longest diameter is firom vest to east, and it is in that direction about a 
mile; from, south to north it ianot more than a quarter of that distance^ 
About the centre, or perhaps a little to the westward of it, is a large pond* 
on the north bank of which is the village, and near it, or on the east side, 
a small square GerM or Fortlet, On two mounds of granite near the 
Oer^, also on a swell of the same on the south edge of the pond, no 
where else, masses of gneiss, some half dozen in number, are sticking up, 
which, from their slab form and slight inclination, oddly and much resem* 
ble old tomb-stones in a church-yard. Both the gneiss and the granite if 
they have any inclination dip to the S. W., but of the conglomerate, it 
being a heap of clay and large stones, nothing very satisfactory can be 
said; here and there, amongst the rounded. and an^ar masses, one or 
two larger than the rest, would seem to stand up, conforming in position 
to the gneiss, with their broader sides something sloping to the same 
quarter as the granite, and the gneiss, viz. to the S. W. This sketch 
brings the trap and sand-stone to their N. Eastern limitd. 

At Hirapur is seen the granite, capped by heaps of ferruginous con- 
glomerate,' which conglomerate is connected with a stratum of iron ore, on 
which the new red sand-stone is seen to repose:— All this within the space 
of a few hundred yards. The new red sand^stonei, from this point, conti- 
nues, in the direction of<SSd^ar bare, and exposed, freed from any overlying 
rock, a distance of six miles, , or to where met by the trap, when for 
forty-five miles the two together prog^sivUy increase in height, until at 
Sdgar they have attained theiiugreatest elevation, or are ai least one thou- 

I 

sand feet higher than the spot, where the jpst noticed connection com- 
menced. If a line be prolonged from Hirapur through Bhilsa to JETa- 
sauMM, or that quarter of the compass towards which the primordial 
rocks at Hirapur would seem to dip, egch line will have in it almost all 

, the 
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the principal points, where the sand«stoneprotmiions are entitled to the 
rank of hills, and where they are more elongated individually, and more 
clustered together; for instance, Dkamiini, and Maitimn, GherpAra, and 
Sitgerkr-BttppU, Xdtgerk,-^Ordtpur and Bkilsa.— The eastern edge of 
the sketch, as stated in the commencement of this notice, is where the thin 
covering of the lower lias lies on the upper portion of the new red rock 
series, viz. clays, marls and cidcareo arenaceous sand-stohes, tender and 
oiften variegated, and it is desirable to note in particular that such is the 
case. .At the descent to Tei^ukaira, or at the S. E. comer of the trap, 
it is a sand'Stone rock ; but the connection of this rock, with the subjacent 
matter along the south boundary, is concealed by the basaltic alluvium of 
the Nemadd interposing. The western limits join the trap of Mahva, and 
therefore it need only be added, that I bring the‘sand>stone as far west as 
Narsinkgerk. Along the north side probably there is sand>stone the whole 
length, it certainly does reach up to Mtdtoun, and forms the bounding 
rock thence to Hirajmr ; and iron ore occurs at many points in that line 
shnilar to what if is at that particular spot. 

To conclude:— The rock about Sekore and Bkopal is, upon good au-' 
thoiity, considered as similar to that of Sdgar; although there was infor- 
mation given, that rock salt was there produced, and of course the mind 
conceives Oyptum, &c. as equally existing, or in a word, that the superior 
portion of the red marl formation was to be found west of the somewhat 
diagonal line pointed. out;' ilt the accmncy of this last report is at pre« 
sent to be doubted, more particularly, as Oyp$um is only known in the fiii- 
gar bazar as a ptoducUon of M^fputdm, and the salt chiefly used is that 
of the Sktmhker lake, annually, brought along these latitudes, and sold by 
the Binjwris as far east as Sdtgkja. However be this fact, it is, with 
the exception now noticed, that I wish to offer the sand-stone of the dis- 
tricts described, from a general personal acquaintance with the whole, as 

remarkable 
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remarkable for the great extent of range it possesses, for the unique ab- 
stracted nature of the thing itself, and mode of occurrence : — It is ever the 
same thing at every point of view, void of clays and marls, or any other ia« 
terstratification, it is the same identical mineral, protruding itself through 
the trap, (where the trap overlies,) in large angular masses set together 
horizontally without cement ; — a substance of apparent simplicity of com- 
position, fine grained, hard, vitrified and brittle where it is localized in 
the midst of the trap of supposed igneous origin, and a free atone of flat 
even fracture beyond those localities. Highly micaceous and variegated 
sand-stone slates occur in it in nests, or as continuous strata. The mas- 
sive rock is itself also often bi-coloured, rarely many coloured. It might 
be explained and named as thO-middle division of its formation, but it is 
not seen to rest on a conglomerate of its own, on the contrary, it is itself 
seen, at Hirapur, to rest immediately on a conglomerate incident to the 
granite rock there occurring. 

The lime-stone of the trap is a hard white earthy substance, envdop- 
inga few small particles of a yellow calcareous spar. It occurs constantly 
as a component part of the hills and swells,— not of the lower grounds, 
unless as detritus, in small particles washed down from the hills, when it 
intermingles with the black mould, and then that soil becomes, from the , 
intermixture, remarkable for its fertility. It deserves attention particu- 
larly for the semi-calcination, and sometimes more, which it wOuld seem 
to have undergone’, and generally for its defiance of classification, and for 
the jumble, and apparent dislodgement from original position, which it 
now exhibits heaped up in the trap : — And, if .with these considerations, it 
be reflected that there is no oolite, no chalk, nothing in a word posterior to 
lias, the hope may be indulged, that the chert and calcareous dendritic 
fragments, occasionally found will, together with other to be substantiated 
facts, eventually establish it as a continuous portion of the neighbouring 

w lies. 
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lia*,4isgui8edi and displaced wh^ the trap was eropted, or by that ex* 
J>lo8ive power and plutohic heat^ which glased and hardened the sand- 
stone rock.* ■ 

\ 

“ As to the trap it is here a very extensive deposit, though still but 
part of a whole. All its rocks are basalt, or matter of near alliancd with 
it} and composed principally of hornblende and felspar in an earthy state; 
It is altogether an earthy deposit ; varieties of green-stone, or basalt, or 
any.rocks of a distinct crystalline texture are wholly wanting, and by 
such deficiency so nlhny others of the trappean list are equally, it would 
seem, not to be found ; and the idea obtrudes, whether the circumstance 
of a simple mineral, like this sand-stonaf^described, being the including 
rock, or basin, has not debarred complexity, and preserved to the trap 
singleness of feature and texture, and manner of being. The color of the 
harder basalt is either greyish black, or jet, and that of the softest kindred 
clay mottled greenish grey ; and all other varieties, as to induration or 
complexiUon, vary between these extremes. In the hills, the Indurated 
have mostly their angles rounded, and appear heaped up together 
with a variable proportion of wacke clay, added to which, there will be seen 
frequently, a patch or lime-stone stratum, occurring nearest ;i(he j^hi^e. 
The base of the hills is invariably, broader than the summit, j^ndrif the 
sides of a hill are smooth and even, balled trap or basalt, often a concen- 
tric lamellar variety, will be the principal component matter, decomposing 
and decomposed into a predominating v^rkable clay, still shewing the 
parallel converging layers. The smaller vallies appear much scooped, or 

concave, 
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* The first noticing of the peculiarities of the lime-stone is due to Captain Fkamklin, and the 
idea of the oolites and chalk is given nearly in his own words— but I am responsible for hazarding 
publicity. 
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concave, and underneath tiieir black<'lookiag soil lies vacken < or basalt, 
in form and sizoi about a’ cubic foot, disfigured, and 'often arranged in' an 
uniform manner. The globular ,wacken and basalt partially supersede 
this arrangement in the low grounds, but neither basalt, nor wacken, with 
step-like uniformity, will ever be found forming a hill. Some one or other 
of the amygdaloids, particularly the toad-stone, succeed the soil, and com- 
pact trap rock in the vallies, and they are often observed occurring at the 
feet of the hills; but these latter, it should be remarked, are often merely 
this globular trap, distinctly thrown up on a 8and-8t||ie basement, or flat. 
Narsinhgerh remarkably shews the trap every viHere surrounded by 
sand-stone, and the lake of Sdgar, on a lai^er scale, is a distinct basin of 
sand-stone with an inner coating of trap. Altogether it may familiarly be 
depicted as a dark superficies speckled with spots of red ; the bird’s>«ye 
view, also presents thoffthing as* a net work scene, the interstices being 
fi^ed by the numerous hills, and low chains of hills, winding about. No 
sudden brush of the ocean could have left such remains as are here seen, 
and, unUbs the occurrence of stilbite* be decisive, there are no facts to 
plead for (be aqueous origin of the trap, except the all-pervading character 
of i^v^nce, and its possessing an axiaor general line of bekring ; but 
nqj^t'kil^ese, indeed, plead exclusively for it; whilst, on the other hand, 
cominlia><^aervation here forcibly incline the mind to recognize an oppo- 
site theory; and imag^ine the action of a globe of compression, or rather of 
a common mine z-'The effort is made, and the entonnoir formed by the 
more verticle rays sending upwards the stuff, and strewing it in heaps all 
about; whilst those rays, that are mote inclined, will either compress, and 
shake, or split, and penetrate according to the various natures of the 

materials 


* It tau been mid thtt^the occuniltace of itflbite h deciiiro of the aqueotw origin which h the 
reuon why I mention etUbite being found. 
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materials of which the sides are composed ; applied to the trap* it will thus 
be an overlying rock, whether it be, as it is seen here, only on the- surface, 
or whether it occurs, as it so often does elsewhere, and here too perhaps be-> 
low the surface, interstratified, entangled, and in what not position in other 
rocks. The works of after ages, by means of either agent, — the ocean, 
for instance, acting through those ages^^might have exercised denudation, 
and disturbance, until only a portion of a more horizontal ray is occasion* 
ally to be seen, indicating an explosion somewhere, either proximate, or 
remote from the sp^*— a stratum, — a dyke or a vein occurs of no'obvious 
connection. If the lAnile of a mine be at all admissible, it may be carried 
on and said, that compared with the solid contents of the globe, the product 
here seems to have been from a line of Fwgasses continually working re* 
suits through a long course of time ; the ruin lies about, a small portion 
of which is a half calcined lime-stone, can it once have been the lias f 
and the chert of Bapyk, and the small fragments occasionally found of a 
yellow dendritic lime-stone, the only aids at present in corroborating the 
ideal and the clays, the yellow and the deep chocolate, and the marly 
ochres, are they the more unchanged matter, and the laterite an iron 
ore disfigured and impoverished ? The cellular, or honey-comb lava- 
like variety of trap occasionally is met amidst the abundance of other 
kinds; whilst the sand-stone rock is, as a remains, shook and split 
and vitrified, but not displaced, or inclined : — ^The fluid matter seems 
to .have shrunk and sunk, and thus, in a ’great measure, arises the 
phenomena of the trap in the low grounds, and the disrobed naked 
appearance of the sand-stone islets, as if their clothing had slipt down. 
But the incumbent waters by their under currents, not by violent agi- 
tation, would seem to have rounded the masses, and further confused the 
heaps thrown up, and, after the igneous agency had ceased to act, every 
trace of the sphere of action would be by those waters quickly obliterated. 
The small hummocks, which Occur so often, and more particularly at the 

ends 
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«ii<tl» cfCthe Ufo joili^ -by a lofNMKk to them, are mostly ^orphous, and 
^en composed- of the ^rder miterials;-^ot often they are something 
of a conest a tmiicated cone;^ and their component matter soft. They are 
here of no importance, hating been / for ages exposed to day they have 
becometrotnat4ength*into-that shape -which bestrei^ts much farther 
demolition, and so now remain. 

' • '.'4 .<i A. pt AS 

It is almost svperflaoos to add that^ no fossile - remains bhre been 
founchby^me.' ' - fA'' •>'4.^ 

The^following is a sommary of the foregoing sketch : The latitude 
of Sinpur is ocenpMtVy a raogn, and iio |b t^skirt'P^ltiie 

alluvium south of the Ntmada ; in the. longitude of Ude^pwr -will be ■ 
a -western limit, and a granite ri^ge, crossing the Nermada at Jdd- 
pwr, and stretching* nod^lg'^v fonhs 'the 'eastern yhjoundary. This basin 
elongated E. andW. ferirod of primitive rocks, hilt,, in its interval or 
hollow, the sandstone deposit, in some one or other of its forms, exhibit- 
ed nearly throughout ;-’-obscarely as when seen through the trap, or thinly 
covered; sslth a coating noftlias -f . Or npenly as In thehnadrad .and vted mils 
lineftom to the westetn Umits to 

the eeatfil pari, the trap: rocks blacken the surfooe, and at )$^fSp 
they rest-on the sandstone, whieh. appeals not to hasre mnoh^intennediate 
faetwsmi it, fsd thS |h»xiinote primitive«eedts.: It is a oratirtuatipii, and 
a sort of north eastern benl^itim. rock ofj^ Jfefoftor CtMst fromJBofmls 
asapoiot, and itself .fiftyvfour thousanld 

square milesc 
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»'{> • -1 '•; ■ .' . /■ 'i'*- 't ^V'j, 

Br JAMES HABJ)I£,.^^ « 


'■*' 


1m thitf'cbminimioatibnil do mt^pfetoiid'to^gilre a coi^ geblogicia do- 
wtriptiott o^ iii» cotuitry through idueh- J haye < Thte #otild be an 

oAde^taking^of great difficulty and one^^^h i^d leqn^ro'that our ob- 
. aemtions should be made on a!lflli^«ii^:^exteodiid^ and >«rith « 
fer groIpBr degree of minuCedoU^'^an.* eai»^'pOMib|iii|^be dope ‘by 'a tM- 
yeUen^ who is merely viu^ing tapidbrnalttei^ ffi^ one ^pokit toWio> 

thA-i* Such Tcmark^di6weyer,'i«i^4ffiowii^ if ^tliey be correct, tsiay 
proye useful in as moeh as they aflbrd an opportunify of comparing notes 
wiUithe observations of otheKtmyellers, and; thus we may eventaally 
succeed in obtaining a pretty cormt knowledge of the miputer Geology 
of India, ^the ^neral features of jihich have bem alr<|dy describe by one 
of your members. * 


From 






* oEoi^r 4^ m 

.. ■ -i ‘ . - . ^ ■ . . > , * 

«I^t‘»tirah4^Uef^Nr>>Wv df* lp »ww it%^'^ Bfi||^dl>o«t 

seviMity-six iniles, the cot^tiy a^ide lit|^^te'’ii||»re8t< the-tgistdogMtf 
obaeirer. Proceeding by tiie .direct <roate via fo&utiiiiri' and till we reach 
the laatmeatioliied town, vdiiintiibcie of neidiy flfty-8ix*lH^i) in «<ihbnher> 
ly diiectien, wnpei<ceiye"liothmg‘ but a itnifcnm expanse^of alloidai soil. 
Wenow,for the first, time, 'Observe rock itoiiiatianv >aafd seVend gontlO-^riS' 
ing grounds give to the face of thexoantryinthe^neighboiu^oddj 'a way* 
ed outline. Bahuittm is situated' ett'^one of these rising grounds;' aid 
the only rock which presents itadf^to nconglomerate, principally compos- 
ed of agatea and other quartzose minerals; Some of the* agates <ireM of 


considecable size. This irock is not strati&ed; and* appear# at^ thd snriiee 
in the form of large tenticnlar masses.'. It id perhapO a- sitnilar forinaiton 
to^the cornelian' rocks in the neighbourhood of \Bto^;.4>ot,’ sw T 
seen no good descriptioif||pf theset I' can oilly ^stite rids aS n'tnere^Min* 
-jeoriire.'^' ^ 

f-i-.' Vt, 5 ?|j|a‘, • t'i. '• . -i-iv , 

Distant^ from'' Ml ■tq'la ‘hbrriieriy diiibtion, 
stands the smafl yillagecfr£FeMfi(a.‘<^ heigbbonrhobd aireSMn seyth 
ral smaUroufided hills o#^is^ gromfds'i^Sesenting riie-barerodt^^t^ihe 
Oarfaee» On examittarioni ’found that 'thesevwdie composed 'of diffitriitt 
modifications r^^^^hniite.’ ^ The first n yeyyidtwoipcdidifi^^ granite 
oompesed ofi grOjirhih^ffirispa^- ttahslacetR^^qnartd;! aind':dlnlt>'|rol4iiri^i^^ 
wirii hornblende; oemutioimUyiifaNieminatidiiMNNil^dt. 'iTliik''pasSedihto-a 
coarser, granite oOiipoSed wiBsesiof^iiddd^ grey'feto^ar, neatly 


transparentquartz; and stifcr cdc^ mica. ‘(Both the micai’ahd qdartx bc- 
casiottally appear' ciysttdlizttdi l*ooaid<no« ’preonre‘a 'h(Mid >speoimewi|i 
which this was distinctiyahowni t The oneiiahtaypossessionk add which 
shall be forwarded to riHMSooiety,* is sttffioienriy eharacteii8tic4h>asfar as 
regards the mica. f 'Some< of tiie^idasses 'of/«|ttairtz in'^tltis gniniie ’were 

upwards 




d»pth# affBMy be- 

OiMtQg. te iiiu ciiMMuioe^^ 

nepl^beuiH 

qaaiStiweiiMiai^ 

qiS»^Silili/wiiC^i <#»» q$^iflei«e»itoinn»t be* 



M^t> ^ l tt l^^e^t^pwdl; tfr etteepy tibMbftice cif t^.vChiriogitt’i-'witb thfreesltt* 

' eiiffii mMabtakebto iaformat^^^ woiild» 

M d«ili».ilie#l»iiei^^ iim jalibwtiny 
b il t etw the dii^ ilhwetieigb^ thu^^ 

London 
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London clay fonnation, and other aimilar formationB both in ^luope and 
Asia. 

^ Whatever might have been the agency, or the succession of agenciesv 
concerned in forming the alluviam of Ouzerat, it is abundantly obvious that 
it could not have been gpraduaUy formed by the debris of the rocks in the 
mountainous portions of the district washed down by rivers, nullahs, &c. 
From this source a portion of it might, no doubt, be derived. By its ex- 
tent, its depth, the high situation which this deposit frequently occupies^ 
(as at Mr/mr, just mentioned) we may learn that it must have been the 
result of some more energetic cause. 

The extent of the' conglomerate formation at BaUuinw, I had no op>- 
portunity of ascertaining, nor do 1 know its relative position with regard 
to other rocks — it probably, however, rests on the granite which underlies 
the alluvium — might not these conglomerates be cotemporaneous with the 
lower beds of the alluvial deposit, modified M some local cause, affording 
a cementing medium to the loose particle, cmnecting them together aAd 
thus forming a nucleus round which others would collect 1 This ii^a mere 
conjecture. 

The hills at Pandea, were no 'doubt, formed by the outgoings of the 
underlying granite — a gpranite which appeared to me to belong to a' very an- 
cient va^ety— ^an older variety indeed than any which we shall have occa- 
sion to mention in the sequel of this paper. The crystalline nature of ito com- 
ponent parts — the transparency of its quarts— the whole appearance of the 
rock, and the. situation which it occupied, led me to draw this conclusion. 

From Birpur our march lay through a hilly and jungly country to 
a small village called Dewdti, six miles distant, in a N. East direction 

Y from 
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frtoirthe last. Tbe hills were ridge«8haped, and their summits presented in 
the distance a uniform and even line. Their slopes were covered with loose 
fragments of the wells composing them. The preponderating rock was 
quartz, distinctly stratified. On examining a hill in the neighbourhood 
of my camp, I found the following series of rocks arranged in strata, which 
were highly inclined and dipping towards the N. W. Ist, a rock of the na- 
ture of quartz rock, of a greyish color, and inclining to slaty structure — it 
seemed to be quartz rock passing into clay state — it was very hard how- 

t 

ever, and was principally composed of quartz. 2nd, a ferruginous quartz, 
of a reddish color ; and 3rd, a pure white quartz. The last had nothing of 
a slaty structure, and, indeed, could not be said to be distinctly stratified. 
These three formed frequent alternations, the pure white quartz appear- 
ing m the shape of a series of unstratified beds interposed between the 
other strata. 

Ten miles distant from the last, in the same direction, stands the vil- 
lage of Panwdra. For the^rst four or five miles the country was cover- 
ed with a thick jungle, and Ine line of march was enclosed by ridge-shap- 
ed hills which presented a bold and craggy outline — the rocks forming 
them were arranged in a highly inclined position, and consisted of differ- 
ent modification of quartz rock and clay slate which alternated with, and 
passed into each other. After having passed a narrow Obat, which though 
steep, is not difficult, we entered an elevated plain, level and covered with 
a thick and apparently rich soil, in many situations well Cultivated and 
over which aN^scatterred numerous fine trees. From the top of the Ghat 
where the plain commences to Poawdro, is a distant of about five miles. 

In ascending from the plains of Guzerat to our present situation, we 
have come at once among rocks'of the oldest class, and we have met with 
nothing like any of the newer varieties. We have passed the western 

boundary 
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boundary of the great primitive district which forms a large portion of Cen- 
tral India, and which traverses from N. to S. the whole of the peninsula, 
b^ing connected, indeed, at one point or another, with all the great primi- 
tive formations which exist in Hindustan. The rocks which as yet we 
have seen might be termed, perhaps by some, “ transition.” In the pre- 
sent instance I can see lio use for this distinction. From the rocks which 
surround us to the more decidedly primitive ones we can trace a regular 
gradation. They pass into — and in many instances alternate with — each 
other. In short every consideration points them all out as belonging to 
one grand series of rock formation as the result of one general cause. 

In the deposition of a formation so extensive, a long period of time 
would doubtless be consumed, and though the precise period of their depo- 
sition might be different in different instances— one being formed when 
the forming cause, whatever that might be, commenced to operate, and 
another when it was about to cease, — this, though it might modify the in- 
ternal structure and appearance of the differ^t rocks composing this for- 
mation would not justify us in including them under different classes.* 

% 

% 

In the district of Kuteh, towards the N. W. I believe, from specimens 
which I have seen, that a series of rocks of a newer formation than lias, 
and from that upwards, may be observed. I drew this conclusion from the 
very numerous fossil organic remains which many of these specimens ex- 
hibited. . These remains were «hells belonging to varieties which have 
been ascertained to be characteristic of the newer classes of rocks in 

other 


* I am uncertain with regard to the nature of the rockt at BWpur. Ai I did not lee these 
in situ, I cannot say decidedly in what class they ought to be included— they, perhaps, belong to a 
newer and overlying variety. 
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other cooiitries. Nothing of this kind cnn be traced here, howerer, and 
&om the paper of Captain J. S'tewart, in the Bombay literacy Transac- 
. tions, the same remark may be made regarding the boundary of this great 
formation on the route from Baroda to Mhow. 

On leaving Dawdii, we proceeded on the usual direction over the 
level plain before mentioned, till we reached the BUlpAl (i. e. a commu- 
nity of small villageis), of Hartuna, which is situated eight miles distant 
from the former. We still found, the surface of the plain covered with a 
thick soil. In some situation, however, small hills or rising grounds were 
observed which exhibited at their surface the outgoings of the inferior 
strata. These were as before qumtz rock and clay slate, the latter was, 
now much more abundant than formerly. Strata were still highly inclin- 
ed and dipping as usual. 

« 

At this place (HarHna) there was a great scarcity of water, and the 
Qosaim of the temple of Ndtiuhvdra, had sent some workmen to dig a well. 
They had penetrated about thirty feet through the rock in a low situation, 
and 1 had thus an opportunity, the first which had as yet offered itself)* 
of examining the strata in the plain. I here discovered a distinct and 
separate formation from any which I bad seen during this march in a 
series of overlying rocks. The first rock which presented itself, was a dis- 
tinct sandstone, with a clayey basis, and of a soft friable nature. It 
was a variegated sandstone, with spots of« reddish color dispersed over a 
whitish ground. Below this was another variety of sandstone of a more 
compact nature than the last, and of a whitish grey color — it was a cal- 
careous sandstone, effervescing with acids — the proportion of lime in it 
was, however, very small. These two were arranged in strata which were 
very slightly inclined. 


These 
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- There dui he' no dimbt; but thiiifl'these iobke befong to a newer rlA«H j 
than any which Ve hare yet seen^the extent’of the formation I had no 
opportunity of ascertaining^it probably boehpiee, at least, all the lower 
"^portions of the elerated plain on which we Were encamped, the rising 
grounds, as we have seen; being formed of the nearly vertical strata of 
the underlying rocks. Nothing like organic remains could be 'traced, 
though I examined with care the different masses which had been thrown 
out by the borers. Through the above rocks a vein of" quartz was seen 
to pass — it gradually narrowed from below upwards till it terminated at 
the surface, where it was about a foot and a half in thickness, the lowest 
portion of it seen, being about two ' yards broad. The quartz was of a 
pure vdiite color and crystallize texture. It was not stratified, but pre- 
sented the appearance of a number of limnded masses closely cemented 
together— the Huttmuan might say, that it derived this form from having 
been ejected from below, the perhaps, that it had been a pre- 

viously existing rent in the strata which had been filled up from above 
by rounded masses of quartz derived from ^e neighbouring hills, and 
which are seen strewed over the whole surface of the plain. The latter 
& certainly the more probable theory, as the masses of quartz were ce- 
mented together by a calcareous cement of obviously a posterior forma- 
tion to the quartz. 0 

In which precise class of rocks, the above ought to be included, I 
have had no'means of ascertaining; in theh nature and structure, how- 
ever, thejr resemble the rocks of the new red sandstone formation of Ja- 
mesam, and I should feel induced to consider them as belonging to this 
class. No rocks of a similar nature have occurred to me during my 
march, nor do I think that, in the country passed after leaving this, any 
do exist, for in almost every situation the vertical strata appear at the sur- 
face, it is more than probable, however, that ,the rocks examined formed 


z 
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#|Rjiliio& of a eOttudOitUo fonttattoO vhidi joeetipied thd elected ' plain 
iihder consideraliiah, aiid'<irhidi' aright extoiMl in a nordierly and aonthdily 
direction' for a conaidttable distknde. In Captain DANOEiriEtn’s map, a 
granular conne limestone” firimation is laid down, as hinning from 
northi to sbuth the whole extent of this map, and passing in the neigh* 
houriidod of the plain in question. I hate not seen any thing of this for* * 
mation, it is Aot ’ improbable, howeVei', that the rocks just described, may 
be assodated with it. ' i - - < 

From Captain DanoEEriELn’s map, it will be seen, that the communi- 
cation now sent diffets in many respects. In some instances, too, 1 suspect 
that we bare called the' same rock by different names. His sandstones 
and sandstone slates which hO describes as skirting the western bbundary 
bf the great formation,, ihay be the same as the rock here dOSbribed as ferru- 
ginous quartzose sandstone,’ and hishomst'Onemay be the stratified' quartz 
so often mentioned in this paper. Ih some situaittons in Mewar, which I 
hare visited, he has described as homstone the same rock which I here 
call quartz— rthe very remarkable ravine which he mentions, as occurring 
at the bund of the Uiayat&gWy I- have often seen,- md the rock, which i& 
found there, and which he calls homstone, is exactly similat Ho a rock of 
this part of the ‘district, which I have classed with thq stratified quartaesi 
That it is not homstone, commonly so called, I have no hesitation in 
SUfting, and rcannob help thinklilg, that' the adoption of such a name 
might give an incorrect idea of thi^fortnalioa in question,' and migdit lead 
us to confound it with other formdtionmt '>Whdre tiie quarta- rook pasaes 
into clay date, it might, perhaps, be nutated flinty slate. 1 prefer, how- 
ever,. retaining the general name of quartz, mentioning when it shall hap- 
pen to pass into any other of theitocks, 'Sts fbr instance, Into gneiss or 
grtmite, or mica or clay slates, into dl of which in differmt ' situations it 
taay be seen to gradhate. Indeed, it appears tb me, that tlm’very large 

proportion 
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an,|H»n>ixe4»f«im> sj^y^nsslMtura i(ni;thQ geo^9gaij^,o|,Up«.I^ 

of Indiat.and one wiuiqi|l Qttgli^iiot-<to i>e 

flnt oppor^ity of forvraKdbgttp >$jhe.. Asia^i Society' apeqiineiii) of tho 
rocks foimd in thk distiiictk> Which, l.triut, j«riUibeairjnae;0i|k<in4)i«Qp>^^ 
whinb 1 have stated, la.^ Captain ,8irBirAnin'a.«,accounl..>oi; ih « , strata .bar 
tveea JToroda and Mi^vno mention Jarande pf-aay/ninjclyinRi 'teokk 'On 
the vest side of the great formatiooi ikitber d«0s.t the sueoelsioanf racks 
laid down by Captain l)ANQBfFiEi.p» i 4 >pear to'have< been, obsecVed by: 

^im. • . . . - .i)f‘ » .j. If ' ftl i'O "• 4 ,. )-■ Ji j-.'i.i-.- ■ ' 

. ir ,4 -4' ' 

> By the above ramaiks, I donot wish to detract ‘from the veil eanit 
ed merit of Captain.I)AMOB|irisbftfi;i\$ri»aie indebted la: hira % much 
very valaable ii^onnation,.but^ make a perfeodyscoiract ge<dogical m«P 
of this part of the connCry .vQiihl ragnira> yeai^ of jnugulle inyntUtigatidn^ 
and in a climate like this could scarcely be efigectod by one individualr-i- 
too much praise cannot be< given ihim for nEhat>he has done. 

Proceeding in the usual , direction* we reach the village of . Pit, in 
the DusgKrpar district, vhich standn>oig4t^ miles, distant froni the last. 
Immediately on leaving camp, the <oonntryrbecaina ^exceedingly braken 
and uneven^ and numerous small rounded hills vorS seOn dxbibtttog at their 
surface the ivertmal’stratnT-^giiarbnlMKsk via.' Mill' observed, buttolay'slstei 
vas tbefpiepondsratingnuiMirn^ uJn^a near .camp, .in a.,l<)twnitiia*^ 
tioni clay slate vaB'.alsoneenf- ThO clay slate yvas^ ie! seme aitaq,tionsr«f 
a qinartraaf natora^iOnd ink>t]Mrstit'a|q[»r08che4^ohloritp tlato-' . 

Ten miles distanl.fromfPit atlnds the.JBAil Pdf'Of 
the ftrst’thrSe or. ^riiiilesii|ie< •country vaB;fxactly. simitar to that Juirt 
dcsevibed, the j«g||d^.tlienr>bec^|^ thicker; ^the duhmtrymors broken and 

rugged. 



t^acene vild i^nd, wl^pli 

iB iMderabl jiiood.]l>M»e» tltfoogltiLsDatr^ 

aUglier<reat6^«jn4ing‘^<^^ of the; mvijBds wit^«bich (hcf 

ooHiMity wto intcgsected^ uid puting orertbe tops of the hillSi,, The 
ippheireiie evwywhtoie obsenred.atthe soilStoe^ and the almost pefpeii' 
^jloolax'Sidep of thj^ torines^ preseDtod'to 'lJie view «kcell|ent . sections of 
thestirata^ : We micfunpedonaadatrated pdfljn surrounded bjr ranges of 
low ridge-i^ped hills; Since leaving Bhfur, we have been' gradually 
ascending,' and the ascent of tiie last six miles, has been much greater than 
usual. ,The rocks observed were diffisiunt modifications of quartz, varying 
in color from pun whife(to a.^ry dark . The po'B variety 
has notyetbeanaetoi togularly sl|iatifiedi <bedS :Of it, however, alternate 
udth <Mher tockSi and thege beds are traversed in every direction by seams 
and cracks^ and havathe appearance of being made up of a congeries of 
detqn^hPd msssitoi' yarj^ing uiijuze frouLitwo oe three inches to a foot.in dia* 
meter, and closely connecto|i.togetherju The colored varieties an distinct- 
ly stratified and!^ an arranged in parallel layers, varying from an inch to 
a foot in thickness. Their color depends )on an admixtun of the ^ rocks 
with which they an associated, sometisses in very small proportion, and 
at others the proportion is considendrl^many of them, too, derive their 
cqlot/from iron— the dark brown variety is^a ferruginous quartz, very rich 
in this metal. Iron appean to be^ima^iidaiti production in the country 
we have been deaqiihsng, and sSveralpiettygood specinwnsirf the magnetic 
itotL ore presented themselves. The aibove quastz nckS ' iran eeen alters 
nating wL^. clay > slates— in sosBe4**i<ttioM^‘sa(fti.andiiiahlei^inot^ 
quartzose— and chlorite slate. The chlorite slate was first seen three or 
four ntilaavdistant fthm PU. About half ^lay between the last metttion- 
od<place and Ohdiak we passed' a snmll tuUf composed qf serpentine. 
It was not stratified,’ ('The bed which ^ )occomd appeared, as futm 
' *■ ’ I 
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i etnU judge, ef o<miidereble extent, and in this ipart ef ilw fcenntiy I 
know it to lie an akimdant prodaction. It wen of n gieentah ctdoac, with 
aitini^ef biown andgraknof a metalic mineral, with a metalic kutnt 
were diflseifinated through it. TUs was maipaetic iron ere. 

r 

lJke>dBy slates passing into chlorite ’daltes were ‘the preponderatiog 
rocks, and in )the neigfahourbood of am eamnf (these appeased ito pass ‘into 
mica slate, .'small scales of mica being disseminated through iheaib 

We now proceeded to Sagwdra, twelve miles north-east of the last. 
The country an leaving ’Oiata, became more open, and, though still 
’oncoltivated, was comparadively ifinee from jangle. The Uae of march 
lay over the tops of the smairhilb which w^e still very numerons. and 
we had thus pretty extensive views of the surrounding country. It pro* 
sented a waved, <or rather maasiUary aspect, and several ssmU ranges of 
low ridge-shaped hills were observed. Mica slate, and miea 'Slate ap> 
preaching to clay slate, were almost the only rocks observed. 

We next preoeeded to JorhiMa, a.jB^ Pdl, sixteen miles <from 4he 
last. The country was styi oengilelely studded with low rocky biUs-~ 
for tbe first three or four mites miea slate preponderated, after this the 
hills were almost entheiy composed ef , pure white qusrtS, in which 
occasional scales of mica wete-observed, but Uiese were rare. . This rock; 
every where appeared at the suifsce, giving to 'the scene a striking and 
peofiiar aspect, and were it not for « hot burning sun one would almost 
be inclined Ao believe that the oountiy was covered with snow. No ether 
rock made its appearance, except an occasional bed of mica slate of in- 
cooaideraUBiexteDt— many of tbe masses of this quarts were nearly trans- 
paaent and aiprsBChed to rack crystal, and others had a slight rose tinge. 
It was either ceapnct or inrge granular, the noncretions being abewt tbe 

A 2 size 
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Bi#6f a lar^ bean: It occurred stratified, and, though the strata werh 
liot very distinct,' the stratiform structure was sufficiently dbvious. Id 
dip and inclination it agreed with the other rocks seen. The whole sur- 
face of the country is covered with detached.masses of this r<^, and very 
frequently immense isolated blocks, of several yards in diameter, were 
seen topping the hills, and these, in ' inany situations, were piled upon 
one another in a very fantastic manner. In the neighbourhood of camp 
' was a group of conical hills, higher tlian the rest : these ivere formed of a 
micaceous clay slate. 

' 'Proceeding onward to Jattona, in the Udayapur district, the country 
becomes more open, and plains of considerable extent are seen. There 
were still, however, numerous small rounded hills, while others assumed 
a conical form and others were ridge-shaped. The preponderating rocks 
were mica and clay slates, in which large beds of the white quartz occur- 
red. Jaitana is six miles distant from Jaridna; 

* 

We now marched to Sd&mhhar, a walled town of considerable extent, 
belonging to one of the principal Omrahs of Udayapur, and situated 
eleven miles N. W. from the last. The mica slate, daring this march', 
passed into gneiss, in which beds of granite,’ some specimens containing 
chlorite and hornblende slate wpre observed. From Jvdtam, a range of 
hills were seen in the distamce extending N. W. and S. £. Salumbhar is 
situated at the base of this range, which is cotmected with the one which 
passes the Dhdbar. The hills are generally ridge-shaped, and sometimes 
peaked, and those in the neighbourhood of the town are fortified. 

In the nullah courses a very thick bed of kunkur, of a distinct rocky 
structure, and indistinctly stratified, was observed. The kunkur forma*- 
tion now becomes very abundant — it is differently modified in diffisrent 

situations— 



BETWEBN'B]|ROD& AtlD UIKl'tAPtJR. 


$5 


Bitaations — it is sometioiies soft and friable, ~'at others it is inoife crystal* 
line^it occupies the highest situations as well ‘as the lowest. This for- 
mation appears to me to be one > of great importance, and, if examined on 
a large scale and described with minuteness might lead to very interest- 
ing Insults. When it rests upon the softer rocks, a^ clay slate, it is fre- 
quently seen penetrating into their substancO, the water which held it in 
solution having percolated through the ' strata and deposited the lime in 
the form of calcareous spar in their interestices, so that these rocks at 
their surface are almost entirely converted into a calcareous rock, inat- 
tention to this circumstances may sometimes lead into error. Iron pyrites 
is' very generally distributed through the mass, and rounded portions of 
various rocks are found imbedded in it. 

We next proceeded to a small village, twelve miles north 

west of SaMmbhar. On leaving the latter town, the country becomes very 
rocky and uneven, and exhibits the mamillary aspect so often alluded to. 
On the left hand the Dhdbar range was seen stretching north-west and 
south-east, and other range of lower hills, running in the same direction, 
was seen on the right. These hills are generally ridge-shaped, some 
times peaked, and at others conical. -The Dhdbar lake was seen wash- 
ing the base of the rough and craggy hills on the left. For the first half 
of this march gneiss passing into granite, |generally of a red colour, with 
occasional beds of hornblende slate and quartz, was seen. The hornblende 
rocks then preponderaW, and these and the granite rocks formed fre- 
quent alternations. Omgla is situated on a hill, composed of hornblende 
slate passing into greenstone, and in the neighbourhood are- a number of 
small hills composed of a similar rock. The soil where these rocks occur is 
of a red colour, derived from iron which exists in them in great abundance, 
and the surface of the strata is covered with a thin brown crust, (carbonate 
of iron,) derived from a similar source. Occasional beds of gneiss, 

of 
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jg^A'gfejT'OolMitt.smBtt fruned,iuid not stratified, eeenr in l^foimattOB. 
This gneiss is composed of dark colour^ mica in misnte scales, a felspar 
elightlf tinged wkh red and trandncent qaarts. In the komUendeTodcs, 
vhidi are distincdy stratified, I observed a vdn composed of felspar and 
qnaiftz-^e latter, clear and nearly transparent, the former, a pale reddish 
vrUte, with perfect foliated fractuee, and crystalliite stmeture arranged so 
as to form a kind of porphyry. 

We now marched to Katiwar, a pretty large town, with a fort, twelve 
mites north-west of die last. The0M&ar range was still seen on the 
left, and Uie country presented the usual mamillsry aspect. The rocks 
observed were different modifications of gtiuailes, hornblende slate and 
chlorite slate-— all these alternating with each other. The line of march 
in one situation approaches the -range of bills, and a similar variety of 
rocks could be distiuctly traced in their base and rocky slopes. The 
aitte rocks were, Ist. A gneiss of a greyish odour similar to that des- 
oribed at Ongla. 2d, A red granite, the principal ingredient a dark 
flesh red felspar — the quartz is in minute quantity and is translucent, 
and the mica of a dark color is in still smaAer proportion. 3d, A reddish 
coloured gneiss. 4tb, A rock, with the distinct structure of gneiss, iff a 
greenish colour, in which the mica is replaced by hombtende ; and 
dtb, A rock almost entirely eq|pposed <ff flesh red felspar, widi a foliated 
fracture, and in which are imbedded nearly transparent crystals of quarts. 
The lattm rock, except for the first two ^iles, within which the -hofla- 
blende rocks were principally ^seen prepomterated. dt was distinct^ 
stratified — strata highly inclined and dip towards north-east-Horica is veiy 
rarely seen in it, and indeed is almost .wanting. It may be said to form 
a variety of porphyry, bat from its stratiform ariimtnre mid the aicangO' 
ment of its component parts, I prefer indnding it with the granitic rodu, 
in which series it ong^teertaiiffy to be classed, perhaps, as a distinot 

variety. 
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^ ^e iiext pwee^ .Qi/pr a V(?yy bad^|ji^ 

aeveo wiles uerth-weat of tbe lajst. The V^P" 

miliary appearance of the lower granite tracts, but it wafi ^t^ore broken 
and rugged than 1 had heretofore seen, and was traversed by numerous 
deep and narrow ravines. ,J\ 9 r,^.^i 5 ?t the foUo^ipg rocks 

pret^nted themselves ; ylz., tl^e fs^spajjjoc^k, ,w||ich | J(t^ye,cja^e^,g^i^anltic 
poipbyiy, winch passes An, 4 mme ftHuatioi;w, m^^ gn^^ apd granite, both 
generally of a relish colour. .4 granite compose^, of pure whfte grant^ 
/shvpor— translucent quartz an4,silyC|y .colai^. iaQt|{qa, ,i^^^ {^^o,,qbs<;i^ed in 
small quantity. Thwugh. tWsiJasjtifiMW^ intewyjp'^?^' 

These alternate with ditferent.mqjU^watiuns qfhornblen^e j^kg; yl*, h9?9r 
blende slate passing into greenstone, slate .and prlnutiyo.^gli^ppslqnp— the 
alternatinil beds are from fifty to tWo hundred paces id breadth. We then 
reache4 thobe4.Pf a nu|lah,tiv4|t pn!W>9!*<f'*,pi^ a .fopnation 

exactly similar in.appearance.tp the ,iyayp^,gpelss- 7 it cm^tafns, ,h()yygyer, 
np mica, .its.cpnstjtueat, parts ^OWg ^iprflhlpnfla, felspar .and quartz^-^the 
latter, in, small prppqrtion. .I,imaglned^thp4iqj|p that ,thls, ruck was g 

.dmtiimtjfrey gneiss, .aBdpfckediJtP SeYeyal speqlipens pf itps^sqeh* .fit 

formed now the,prepoji 4 erutH>g 4 ;ock jn whj^h,*?P48«^.n*MPPt of great extents 
cqmparAtively speftklpg, pf ihojmhl^ide sj#fe?, ap(lt grygnstone .jivere ob- 
served, beds pf,red.graR4te.pnd ¥t.«PP P*: pf, 9 Wwt«i*lh]te 

wew else .seen. ■ - - . /■.'■■• • t; . , ■ ^ 

The atesve 4eacrilm4.ros|t,eitP^ ^esemWe* die clflyp graihedi jgqy 
gneiss. Jt had u,i{ayeil fkppgu^n^„/ip4 juply .pp, w»fiiwB.W»p. 
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anifexalniiifaing iny fixicimenB tint 1 discovert itt trae compioiiition. It 
ii^ y be called scienitic' gneiss. It aras ^tinctly stratified and dipped 
towards the N. £. This formation is continued for several miles in 
the. dilution of the Residency at Minta, at which place I arrived 
next day. The geology of the last,, march I shall not enter into at 
present, as I propose drawing out a “ sketch of the geology of the valley 
of Udojfajm and its neighbourhood,” in which this portion of the country 
Will be included. 

In conclusion, I would ai^n call your attention to the regularity of 
the gradation observed from the rocks seen on leaving Birpur to those 
in the neighbourhood of Udeyapwr. They pass into each other by almost 
insensible degrees, so that it is often difficult to say, in which class parti- 
cular specimens ought to' be included.' The granitic rocks, — except the 
very large granular variety of Poitdm, which I have supposed to be a 
vwy old granite— are, generally spoaldng, small grained, or intmnediate 
between small and large. 

' ' These remarks, such ai they are, I do myself the pleasure of for- 
warding to the Physical Committee of the Asiatic Society, and 1 have to 
regret, that the season of the year at which I travelled ; viz. during the 
hot winds, prevented me extei^png my observations so far as I could 
have wished. This circumstance must plead my apology for the imper- • 
feet nature of this communication. I hav# avoided entering into any de- 
tails connected with the character, &c. of the inhabitants of the country 
through which I have passed : this would have extended my paper to an 
Undue length : this, however, I must say, that I have experienced nothing 
but civility from the rude and barbarous tribes among whom I have tra- 
velled, and, though the names of and Cohah have always been 
ftssociated with those of plunderers and robbers, I have met with more 

attention 



' BET’WpSNrttAiWIpA AITOOTAYAPUR^^ . 99 

attention from these rery tribes, than 1 have ever experience «;in other.' 
parts of India. The chiefs (9 Osi^tt'O of their Pdff, frequenjdy yisited 
me — ^they appeared to hare a great deal of ^ curiosity, examined every, 
thing about my camp— asked various questions about the uses to which 
they were applied, and on the whole, I was much pleased with the rude 
inhabitants of this wild and mountainous portion of Hindustan. 

‘ { 

The route by which 1 have marched is not the common, one, I have 
no hesitation, however, in recommending it to travellers who may he pro- 
ceeding from Bombay to Nimach, as by far the shortest and the best. 
From Baroda to Nmack, via Birpur and Salumbher, there -are Only 
eighteen or nineteen ordinary marches. 

The accompanying section of the strata from Bsaroda to Thanna, I do 
not offer as perfectly correct; it will serve, however, to give a general 
idea of the geology of the tract in question . In a plan on so small a scale, 

I could only indicate the rocks' which preponderate in particular situa- 
tions, and no attempt has been made to lay down the beds of other rocks 
with which these are associated, and with which they frequently alternate. 
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THE 

DIAMOND MINES OF PANNA 

IN 

SpNpixKHAND. 


B» CAPTAIN JAMES FRANKLIN, 

First Bengal Cavalry, M. A. S. 


(WITH A MAP.) 

The geological position of the matrix of the diamond, being still a ques- 
tion in the history of that gem, the following nptice on the diamond mines 
oi Puma, will not, I ti^t,>be<unacc^ptable. 

Report says, that they were first* discovered in the time of Raja 
ChitbasAl, who ruled ^t Pann^iti the reign of the Emperor Aubanozeb, 

but 


* Tlieir diwofery ii attributed to a Derotee of the MOdivi wet, who Mtablisbed hb doctrine 
at Panno, in the time of Raja ChitrasXl, or about A. D. 1680-90, 1 doubt thb itatement, but I 
cannot arrive at aatufactory proof of their previoui dbcovery. Mr. Mawb datea the dbcovery of the 
minei of BrazU about the wme period, and Dr. Hbynb has a rimilar account of some of those 
of OoleoHda, but Tavirhibb says, that tbe-MoguI diamond was found at Odor, not far east of 
' GoWa, A. D. 1550. 

Bobtios db Boot published his treatiw » De Lapidibua et Gemmis,” A. D. 1609, and 
, polpti out the diamond rnnes of Adia and AfoAmso— and in ftet, it appears, that the hat 

5^ found in India in all times, since the days of PjLiKT, and, perhaps, long' before. 
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but (bat period b^ng a ttoublesama ffira in tbe abnals of the Bu»deh$, it 
ia supposed, that they -were not efficiently opeited, until the time of his 
grandson SiMha Simha. 

Their situation is peculiar, being confined to a small portion of the 
great belt of sandstone which extends from Rot&sgerh, through the pro- 
vinces of Jtoghilkha»d and Btmdttkhand, until it is finally covered by the 
overlying trap of Malwn and Sdgar; this, however, is but a small part of 
the extent of this formation, for the break at Rotdsgerh is merely an 
hiatus occasioned by the original current of the Som valley, which doubt- 
less swept away every vestige of this rock, until its force was turned aside 
by the projecting points of the Vindhya range, near Monghir — after which, 
in the Rdjmahal hills, the sandstone again appears as before— -and from 
that point it may be traced throughout the whole Of the peninsula ; it is 
the depositary of the diamond at Pasms— and 1 have, no doubt, that the 
rock mines both of Sembkeipnr and BanganpilU, though far asunder, will 
ere long be found to belong to the same formation; in the mean time, the 
following facts which have fallen under my own observation, on my route 
from Beldri to Ajayagerh, may serve to identify the class and character 
of the rock which contains the matrix of the diamond of Paima. 

The *first part of the route (or from BAdri to Ajeyagerh) crosses the 
m(Mt lofty portion of the sandstone belt, usually called the Bandair hills — 
which, without exception, is entirely composed of argillaceous sandstone, 
either mottled or streaked— and opposite to the village ofPipenya, below the 
Ghat of that name, 1 observed the sandstone reposing on beds of slaty marl. 

Having 


• SMthemapwhichkappMdedtoByptperMGMloggr, A(t.8d,of Ibif rduat; alwilie 
deicription of tliMo hilli in that artieh. 
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Having descend^ the Baniair hills by the Ghat «f Pifpef^, I cane 
upon the second tafnge, trhich like the former, k also composed of sand* 
stone, but the surface of its plateau being covered with a sdatom of lias 
limestone, the sandstone can only be traced in the beds of rivers, or in 
sniall protruding elevations, until it emerges from beneath the limaitone 
and forms the counterscarp of the Ptama hills, where it is variegated and 
friable, and the marly slates are again visible in the hills which overlook 
the town of Pama. 

I ' ■ 

The Ib^st portion of the range, or that which is called JBinddehal, is 
the peculiar habitat* of the diamond, for it is not found in any other part, 
except on the platform of this range, or on the counterscarp of the second, 
and it is proved by the waterfalls, that this range also is entirely com- 
posed of sandstone.f For instance, the cascade of the Rmy river shews 
a series of sandstone interstratified with slate clay three hundred and 
ninety feet thick. All the Other waterftdls present similar appearances, 
and that of the Bdgin river, penetrating deeper than the rest, exhibits a 
fine section ; here the sandstone^ is distinctly interstratified by a succes- 
sion of layers of slate day, the uppermost of which having a marly base 
is thickest, and the descending strata becoming more indurated, contain- 
ing more mica, and gradually diminishing in thickness, dwindle away 
finally into mere partings, and in their progress to this attenuated state, 

■ they. 


* The diamond* found in the glen of the Bigi» river are traiuported diamond*, they are not, 
therefore, an exception to thi* rule. 

f See the map appended to thi* paper. . 

t The *and*tone of the Bindiehal hill* re*U u on a point d’appui upon a low ridge of eyenitic 
granite, which haa, probably,’ *aved it from bring awept away. The b**e* of the fort* of Kiki^ 
and Ajayagtrh, are of thi* rock, and are merely capped by *and*tone. .The *ame may be *aid of 
Iheacarp of the great range, but if the griaite ridge be croaaed by entering into'any of the glens' the 
auditone will be *een to be at lea*t four hundred feet thick after the ridge i* paired. . 


fli^y Msuno^diiCBctwv so-'roriousi that in is, difficult to 

distinguish thent from' the <dder' schists. Thic> sandstone also changes, 
grhdually becoming ^silicious, and i at the bottom it closely resembles, 
some varieties of quartz rock, bnt the horizontal position of the beds is 
constantly preserved, and in all the glens, particularly in that of the B&- 
gin river, black bituminous shale crops out from beneath the sandstone. 
1 excavated this shale to the depth of six ileet->bat having no other means 
than such as I could procure on the spot, the influx of water soon over- 
powered my operations. I found, however, that the bituminous quality of 
the shale increased,— fn^ents of it, throwing out strong shoots of flame 
when ignited, and I was disposed to think that coal was not far distant. 

I have ventured to call this formation tMio red aandetcne, considering 
it in the same light as the series of rocks so . termed in England, and it 
would appear, that this denomination is in some measure corroborated by 
other facts, in other portions of the same range of hills, but principally 
by the proof of its saliferous nature. It has been fshewn, that at the 
village of Kattra, the soil is impregnated with salt, which is there, and in 
many other adjacent villages, extracted by the native process of lixivia- 
tion, such is the case- also on the -bankS'Of the' Tons river, and {Mr. Stir- 
ling, who published an account of the diamond mines of Pan^, remarks, 
that salt abounds in the soil at the foot of t^is range, opposite AlUtludiad, 
au4 between that place and Mirzapnr. These facts, therefore,, together 

^ with 


• I observed the Mme circumitence in the waterfall of Anola— See Art. Sd of tbia volume. 

■jr Art 11th of thle volume. 

t See Oriental Quarterly, No. — Page — Mr. Stirlino did not niit any other minei than those 
in the immediate vicinity of Paiww; and Dr. Hamilton, who baa published ao account of these 
mines in the Edinburgh Philosophical Transactions, vol. 1, dis^ctly says, that be did not even go so 
far as Pofina, and could not have seen any other than a few superficial mines; at the top of the JBis- 
ra$»gaf^ Ghat. 
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generolrhopsMitel poiitira «f ,ibAi ,bed«i the exiUenee- of lus 
limestone reposing upon then, tho4i8tinet.u]ite]:stratification. of a serieo 
of slate clay, and above all, the eropping out*of bitiuninous shale from be> 
neatb the whole mass, would appear to. justify the use of the term which 
IhaveappUdd* ' 

,1 ,a . ' i' ' ! ' » ■ 

1 have been thus prolix, because it is of importance that I should be 
clearly undemtood with regard to my nomenclature, and, if 1 am wrong, 
my own description may, perhaps, serve to correct my error. Having 
thus, premised, 1 (dmll now proceed to give as brief a description as 1 can 
of the mines ia. question, , 

The natives describe the mines by using the terms cAtht, or superficial, 
end g'oAtra, or deep, and the matrix they call madda; the rocky matrix of 
the deep mines is always a conglomerate, and, if it is a gritstone with a silici* 
osseemeat, and its pebbles ««e of ennient rooks, and waterworn, it is term* 
ed *pakha, or mature ; but if the cement is argillaceous, and its pebbles are 
of more frecent rocks,, it is then called AocAa, or immature ; the matrix 
of the superficial mines is universally called JMkakn, or red ironstone 
gravel, rn^^d with ferruginous sand or clay. This gravel is waterworn and 
sometimes quite rounded like swan shot, and when found in the ^fissures 
and interstices of the upper sapdstone, it is mixed with ferruginous sand, 
but on the other hand when imbedded in ferruginous clay, it is usually 
found covered with vegetable soil and reppsing upon slaty§ marl some- 
times, however, it is surmounted by a stratum consisting of particles of 

common 


• Ai at Ammi, Kamm^ Brypw, Ae. 
f As St Sihiriya and Udma. 
t As on the caunterscarp of the Amiw bills. 
At PowM and Kantarij/a. 


common- Isimisi# imbedded in yelbror clay, nildch occaiionally ' mingling 
with it, forms, anotiier i^descriptiomof matrix ^hich being calcareous, is 
called AaMs,* the diamonds of Ae glen of Ae B&gin, river, Have evidently 
been transported AiAer from Aeir native beds, and in all probability the 
gangne in which they now rest in Ae basin of Ae waterfall, greatly re- 
sembles the cascalho of Ae Brazils, or Aat of Stemhhdfw, in SouAem 
India. 

The pakka, or rocky matrix, is very limited, stretching generally from 
Kamariya to Brijpur, along the coarse of Ae river. It is excavated 
at Kamarfya, Bijijmr, Bargari, Myra and Etwa; there is also a 
deposit of it near the town of Pomm, but at Brypur, from Ae effects of 
denudmg causes, it lies at Ae Surface, - and a very satisfactory section of 
it is laid bare m the bed of a* small rivulet about one mile west of thie vil- 
lage, where it appears to be a gritstone, composed of white quartz gravel, 
cemented by silicious matter, and containing rounded pebbles of quartz, 
jasper, homstone, lydianstone, fitc. Thus it forms a conglomerate, which 
passes by gradual transition into sUicious sandstone. ' It is readily dis- 
tinguiAed fnmi its associated rock, differing greatly from it, in as much 
ae Ae sandstone in which it-is found, has a martial argillaceous cement, 
and closely resembles Aat which forms Ae upper layer of Ae cascade of 
Ae B4gm river. 

Kamariya Mines. 

■ 

The most noted mines of Ais description of matrix are Aose of Ka- 
teatiya and Pmsm ; at the former place they are on an average about fif- 
teen feet deep, and m one which I examined, the beds of slaty marl were 

two 


* At Bmgh, Bakktapwr, tf«. 
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tirb feet belov the surfaGe, a thin stratum ef led ironstone gravd imbedded in 
ferruginous clay, and tegetable soil, were their only covering; they differed 
in no respect from those of Piperiya Ghat, they were marly, slaty, slightly 
micaceous, interstratified with thin laminae of sandstone, and associated 
with^alcareous slates, which were dendritic between their partings, and al- 
though dieir generid colour was bluish green, or greenish grey, yet there was 
a sufficient mixture of red to characterize them ; they were about twelve feet 
thick, and immediately below them was the rocky matrix of the diamond. 

the conglomerate is hete as at Brijpur, a gritstone containing peb- 
bles of quartz, both white and *green, jasper, homstone, lydianstone, &c. 
and it is worthy of remark that when the green quartz pebbles abound, it 
is considered a good sign, and so also when the gritstone is slightly fer- 
ruginous', the matrix in there mines reposes on compact sandstone. 

Pmna Mimt, 


The mines of Pamta are of the same kind : here also the stratum 
beneath the vegetable Soil is red ironstone gravel, below which are beds of 
slaty marl, better characterized if possible than those of Kamarlya, then 
follows the fdiamond matrix, which differs in no other respect from that 
of Kawariya or Brijpur, except that it appears to contain a little more 

' ferruginous 

* The green quirtz it exceedingly brittle and epiintery/the native! call it Kinehiyaf or glaMy. 
f Itjs worthy of remark that both thia, matrix, and that 'oiKamariya inclose fragment^ of 
Schist, which M. Charpxmtier calls schiste argilleux terreux^aand^ (see his Essai sur les Pyr^n^es, 
page 297| I have seerf 'this rock in 8itu“ at at the entrance of the valley of Sanj\ \ 

small specimen of wifich 'accompaniei this paper, but I have not as yet been able to trace it in 
situ in India. At Betktram, it is on the summit of a hill, the base of which is formed of Ophite, a 
rock of the trappean family, so named by M. PALAiou--it has also a great resemblance to burnt 
clay, so named in Wernerian collections of minerals, as for instance in that presented to the Society 
by thd late Dr. Abel, 
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ferruginous matter; its pebbles are the samet its cement the. same, it hfis 
the same peculiarity of containing green quarts nodules so highly esteem- 
ed as an augury by the natires, and its floor ' is of the sune description 
of sandstone. 

# 

These mines vary in depth from twenty to fifty feet, and owing to the 
stratum of the matrix being thinner {sometimes scarcely a span thick,) 
they cannot be worked laterally as at Xamarlya, they are therefore more 
expensive, but their produce is said to cover the outlay and yield a pro-^ 
fit. They are consequently esteemed, and hold a reputation nearly equal 
to those of Kamanya. 

Sak&^ Mines. 

^ I ' ^ ' * * 

The kacha, or immature matrix, is excavated at the village of Sake- 
fiya and Udesna, both situated on the counterscarp of the Panna hills. It 
contains rounded pebbles of quartz, jasper, lydianstone, &c., but with 
these are mixed more recent pebbles of white sandstone. It contains also 
much white quartz gravel, called by the natives but the cement of the 

conglomerate instead of being silicious is a yellowish white clay, soft and 
plastic when in its natural bed, but capable of acquiring, the consistency 
of mortar when exposed to the atmosphere, and when it contains ferrugi- 
nous matter it is considered a good sign. The quartz pebbles are of the 
fat and greasy variety, and the green kind so much esteemed in the rocky 
matrix, is here entirely wanting^ ' 

A shaft near Sakerlya which 1 examined, pierced through the follow- 
ing beds ; Ist; eight feet vegetable soil ; 2d„ eight feet piri mattif or com- 
mon kastkari imbedded in yellow clay; 3d, four feet Idlkakru, or red iron- 
stone gravel in ferraginous clay ; 4th, two feet detla, or white quartz gravel; 
next followed sandstone, and;tben the kocAa matrix ; The. thickness of the 

detla 
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stratum is hew «<msideied a matter of au^ry; if it: is too thick 
it augurs., ill, as it is then supposed that the stratum of madda will be cc^> 
respondently. thin, or wanting altogether ;-r-lt ought not to exceed two 
feet. 

Udesna Mines. 

Near the village of Udesna, the same kind of matrix underlies 
*laterite, there called mocha; the great abundance of' ironstone grU'* 
vel and ferruginous matter strewed over this part of the country 
necessarily produced in former times, and no doubt still continues 
to produce, a great quantity of oxide of iron, which being washed away, 
and held in solution by the minor streams, has been gradually deposited 
in the channel of the Ranj river until it is now about ten feet thick, and 
immediately below it are the beds of detla and sandstone, and the matrix 
as above mentioned. This matrix does not require to be broken, the clay 
k . easily sepiurated by washing,* and the expense of working rite mines is 
eonsequenUy lessened, but still they are not considered so certain in their 
return as those of the rocky matrix. 

Supajkud Minn. 

The ehtia; or superficial mines, are to be found in every part of the 
diamond tract, excepting only a ciieuit of about five miles from the 
cascade of the B&gin river, where it appears that denuding causes har« 

swept 


• The Icterite ii en aggregate of iranitone graTol cemented by an argillo fumiginoue cement, 
it iherefbK lomewhat reiemblet pisiform iron ore ; die great mass mutt hare been hrmed by dibi- 
vial agency, but it appears to accumulate by alluvial action alto— for the natives assert tliat the 
stream is reddened in the rainy season;— at there hu not, however, been any sensibie increase of it 
in the memory of man, leendude that itealiuriel aocanwiatunmutt.be very iespeecaptiUe. '' 



■wiqAt thea intdMdie^fI«l'iiif (Itilf llliir.^ . Then 

oMtrix is slwaijfs' red iiWMtone^igraf^ in fieri!iiiiginoiM>8ihd'oV‘'^^ 
clay. t'Their geotogiod ppaiikm with regadit»^iSte;dMcen^g*8eriee, 
pears to be remarkably weUidefine^ for they<are actually tto be found on 
the»Terge of two *ca8cade8, haring 400 ibet^of sandstone beneatb^em; 
when this matrix dlls the fissures and intdistices of Uie uppeir'sanAtone, 
angular fragments of 4he rook' are mixedb'dPidi ik^the rborrbding infittence 
of the oxide of iron appearing to have detached them as wdl as to hare 
desintegrated and oxidated a portion of .the roek^ so that the grOrel and 
fragments are imbedded in sand so highly ferruginous that it resembles 
the rust of iron; but when on 'the other himdit is imbedded in ferruginous 
clay, it contains no fragments of sandStone^ and is constantly found' over- 
lying slaty marl or Sandstone, or detla, as in the instshces above mbhtioned 
with regard to the ascending series its geol^ipal position seems, also' to be 
well defined, finr if the two strata of N)d‘ irbUsttmergrabSl jsnd ihMhn*; oc- 
cur together, as they do at i$SaJMHya,Nit always underlies, the icalcaTeOus 
bed, and their line of separation is distinct so that when they happen to 
mingle as at Bangla, the matrix acquires 'ainewnanfe^ - and is then called 
haddfl. ^ 

, s’ w, V»* ;0l| , 

These mines rarely exceed five ov' six feet: in .depth;' and are often 
much less; with regard to their producel a^'inclifiid to think* that they 
are very* precarious, notwithstanding some: of the latest diatidfoiids have 
been found in them; it is common to hear complaints of having fourid 

nothing 


^ On the verge of the caictde^of the nver near Rdnipur, and on that which u near to 
the .village of 

t The faa*<^ the production of laterite In thh bed of thj^AlHp river, and the drcumiitanee of 
hronnone gravel pmediog conmfltt^laiiAar, ara na^ inti iaiflbol^. 

£ 2 
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thgyaj if NlW tt v^^ irtrieh 

Atere tiKUty'^1^ ttn idvantage in mm 

qtiiriog dttid&y, and^lni0^t<Mi8«}aeAd]^ by allieiaMM^ 

botiltoiwfattlilrtljr that more oajpiha hasbiMn iank shape 

Df)hd|^ "ihah haaerer been retbnM.'* 

' ’ ^e diiaiood’y^b«idU^allyt*tlfh^ Very Taridy> fotmd on the snr- 
iiiee[ nor ii^it fanprobablo that someiocky dumce of this kind may hiate 
led td die diseoTSry'of- thb'iiiEliii'^^ '• «»> ■ >* 

*.,.,!4i...i, j, j.-,, (j.^, , ., • jjj, , ,, , 

Tire ‘iboVd is a brief aceontti’bf all those matrices of the diamond in’ 
tfad'*3*MjM'dtstHct,^'^1^^ Aill ander* the denominations of mudda, l&h 
WkUi^i oif'^Atilfdii'^lmtlhere’are'tkhie^ Vhere the gem is fonnd in depositee 
irith 'triihdi'it' dp^dom to hatbbdeh'isarepf ^avay'from'its native beds, as 'at 
Mtcfgt^ and in the glen^ of the JBdgfo'^ver; the mines of the> former 
place- are peenliar and i^uire separate mention, hut in those of the glen, 
thd diann^id' is ftiund tindetfbeky'ddbtis,' both on the banks and in the 

bed of the river, aUd alsoMn thd basin which receives the cascade : its 
matrix in this state, is a conflised mixture of red ironstone pebbles, angu- 
lar fingments of Sandstone, *and pieces of common Amjfcer, heaped toge- 
ther in fferrdgiiiOttk sand ordiiyy'lhedetri^ id fact its original gangue ; 
and the miheir oftmhse hare a greht resemblance to the superficial min** 
above-mendoned, bohdiey are said to be father more productive, and there 
is great reason to believe that the basin of the cascade has never yet been 
emptied or excavated except to a trifling extent. 

Mmjgoha Mines. 

The mines of Mqjgoka are in the wesiem part of the diamond tract, 
and they may*properly' be called its westetm boundary^- Aey •are sitaiited . 



m 


. ' • 
i* ft niiiiftpfinttftto.kiim^aex* 

esTifted. b]r the saine process <mam p(iverfi4Iyrapi)^)'^hich'fteoQpf)|i 
oiitdiose leMmblaftces to it ia ipaaiatoM^ -ftrliv obaftrrablft I 9 : % 

ttoky beds of rivwft^ the diftiMterof the Wrtftxvis about iftO yards, and it* 
(I presume) cannot be less than 100 feet; on its penphery, i^rfi^ 
cial' minft* are wrought in sandstone, but the cavity, of the chftsoi iiffilled 
with green mud, containing calcareous makte^'SUcb.aa 1 can tto apt 
similitude to, except by supposing it to be the abraded matter of the same 
marly slates as those Which occur in the .mines, of Pamta and Kaiiumjfo,i 
here deposited en masse, and there in slates ; this of course is mere conjec- 
ture. but if the vortex haa baenj^fonned as, ii.snppiose it to have been, the 
matter could not in that: case have acquired a schistose form; be.tde facts 
of the case however whatfthey may; this singular depositafills two-thirds, 
of the chasm, and. at the top it Jms a thick crust.of nalcareotvi apar, which 
is indistinctly stiatided, and^contaias portions of thftgzften mnd bfttlV|M& 
its laminse. , . . • j , 

: . The diamond is rarely found in the oalcareonaciuot, its habitat being 
in the green mud, and it is believed by the natives, that the deeper a 
shaft descends, the richer is the produce., t.. but although they are aware 
of this circumstance, their ordinary means have never^^abled them to 
descend lower than fifty feet, the water at that depth :ovserfiowiag their 
works, and- compelling thmn to desist: this deposits, therefore,- and that of 
the basin of the Bigin river, appear to be two instances in which supe* 
rior means might be employed, with eflfect, and perhaps with profit. 

' ' ' ‘ , t 

' Mode of washing and searching the Matrix, 

The mode of washing and searching is the same in all the mines, the 
rooky matriaqabna requiring to be bipkeu; it is first thrown into.a 

trench 



,f);fOch>with ir^ter^od^hotaM 8iidUrod4ik*i#9i4tW‘ ^ l»<tibe4>b|eet% 
||p wash awayf^the ^j^ ^sh watar ^s thrown on aqd poured off .ropeatedly 
until the fragments aroiauffieiently idesnsed, end as »final purificalson 
•tlley.ero sifteih><m ffne baskets whidh oompletes the operation of wasWng, 
the^we then spread in a thin layer on a smooth floor plastered with|0ay 
or <w dtmg, and when dry the whde iS' passed under the hand, and 
searched fliree seireral times, after wiuch the fragments are thrown aside. 

Heproimtimqf tit JUamond. 

Tile circumstance of diamonds being^freqoently found amongst these 
fragments after they hate been thrown aside, has, perhaps, given rise to the 
idea of flieir reproduction, and I was anxious to obtain the opinion of ex- 
perienced natives on this subject: they admit it only in one instance, vit. at 
Majgdkai and even there, it is always ascribed to the spiritual agency of the 
founder .of the Mtkdivi sect, < to .whom those mines belong, but their more 
rational ojonion is as follows, which 1 will give as nearly as possible in the 
wordt ofmy cooBinunicant. . '‘>The objecbef washing is to free the rocky 
fragments from clay,. and particularly to cleanse the diamond, so that' it 
may readily be distinguished in the operation of searching, but with all 
our cate we cannot always succeed ; small diamonds frequently retain their 
covering, and thus elude our search in the first scrutiny, nor can they be 
discovered afterwards, until the coating which concealed them is worn 
away ; hence it happens that diamonds are found amongst fragments 
which have been searched and thrown aside, but it is observable that 
small diamonds alone are so found, and that they rarely exceed the weight 
of half a troy grain.” 

With regard to Majgoha I am inclined to think that tiie above opinion 
applies with greater force. The matrix of fliese mines contpinsicalcareous 

matter, 
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matter, and it ia no easy attainment to wash away a calcareons incmstation 
by using water alone, whenever therefore, such an occurrence takes place, 
the diamond might not only elude a first search, but a series of searches, 
and even for a series of years, until the coating which enveloped it, was 
woqi away. 

Description of the Diamonds. 

The diamonds of the Panna mines may be classed, according to the 
following arrangement, using native denominations : Ist, Lilwaja, trans- 
parent, colorless, having no tinge except t^e asure which is reflected in a 
drop of distilled water, it is so scarce that only one specimen wa^ to be 
found in the town of Panna. 

2nd. Banspati, Motichar, Ohiya, or Masha: these kinds are common, 
the first has a greenish tinge, the second is also greenish, but varies to a 
pearly cast ; the third is yellowish and of a greasy or resinous lustre, as its 
name implies the crystalline form of this class is very distinct, exhibit- 
ing frequently the regular octahedron as perfect as if it had been shaped 
by an artist, the dodecahedron is alsoxommon, and so is the spheriodal, 
arising apparently from the convexity of its faces, and the obtuseness of 
its edges the average price of this class is thirty *Srinagari rupees, for 
diamonds of one retti weight 35 for two, 40 for three, 45 for four, and 50 
for those of five retti weight. * ■ • 

• 

3d. Sambarra and Charchara : these are they which have given rise 
to the belief that the Panna mihes produced only table dimn^nds . the 

specimens 


* The SrinagaH rupm !t about ten per-cent leu in value than the Sonat rupee, coniequently 
it ii Mbeut fimrtean and a half or fifteen per cent, leu than the Calcutta Sicca. 
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apwimens I saw were quite irregular in their crystalline form, appearing 
as if they had been broken by a violent blow, but they invariably cleave 
into thin tabular laminae, and as they are generally of a good water, and 
sell for a low price in comparison with the others, the J?anna jewellers ap- 
pear to find it more profitable to work them up, by setting them in rings 
or other ornaments ; their one retti price is twenty rupees, increasing 
according to weight as above stated. 

4th. Bengala pashmi, Fira and Matta : these are yellowish green, 
yellow, and clove brown, and ^eir crystalline form is multiform, the price 
of the one retti gem is fifteen rupees, increasing as above. 

5th. Rekatberar : this is the rose coloured variety, its crystalline form 
is also multiform, it is not esteemed, and its single retti price is twelve 

s 

rupees. 

6th. Kdla, Garae, or Jalidar : the first is black or very dark brown, 
and the second as its name implies, includes all diamonds that are flawed 
or appear to continue filaments like a spider’s web : these varieties are 
here termed Kaffiya, or scum, but in England they are called bort, and 
there they are used in the arts for diamond dust to an extent unknown 
in this country, their price varies according to the size of the stones : but 
as they seldom, if ever, exceed one retti weight, the worst kind may be 
purchased for eight and the best for ten supees the retti. 

The above list contains the principal names classed according to their 
relative value, but there are others, apparently founded on fancy alone, a 
recital of which would embarrass rather than throw light on the subject; 
the prices also must be considered variable, a purchaser coming suddenly 
into the market would as infallibly occasion a rise, as a deficiency of 

demand 
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demand would eieate a depresaiooi a purchaser' therefore should fixjumself 
on the spot, . and make his purcha^ gradually, by so doing, he would at 
least save the profits which nOw go to the mmrchants of Benares. 

Revenue of the Mines. 

The revenue of the mines is divided among the Rajas of Panna, 
Banda, Chircari, and Jaitpur, but by far the largest share belongs to the 
former. According to my calculation the Panna division amounts to about 
36,000 Rupees per annum, but according to Raja Pebiab SiNH,'>who is 
the effecient manager ^f the Panna state, it is 30,000 Rupees, and as his 
authority is likely to be nearer the truth than mine, I do not hesitate to 
adopt it; this revenue is derived from a *tax, originally fixed at one*fourth 
of the value of all diamonds found in these- mines below. a certain weight, 
which, I believe, was rated at eight rettis, but the tax now levied is said to 
exceed this rate, and on diamonds above the eight retti weight there is no 
stipulation, taking therefore the aggregate of the Banda, Chereari and 
Jaitpur shares, as equal to a, fourth of the revenue derived by the Raja of 
Poiuta, it will not be too much to suppose that the produce of the, mines 
amounts to about 1,20,000 Rupees per annum. 

1 have now detailed with the utmost fidelity all the circumstances re- 
lating to these mines as they occurred to me at the time I examined them, 

* and 


• The Ux of 25 per cent, mu fixed in the beet deyi of the mines, when the produce was great- 
,est. They, are no#, howerer, on the decline, end the natives are quite aware of the circumstance ; 
the superficial extent of the pakka matrix appeared to me to be traceable, and consequently the 
question of its quantity fidls within the range of reasonable calculation, whether the natives have 
drawn their conclusions from this vie# of the case, or whether they are influenced in their Judgement 
by experience, arising from the natural result of their draughts from an exhaustible scource, 1 do not 
know; but to me it appeared, that these mines by the employment of a given force, might be exhausted 
within a given time, and that there is no hope of finding diaesonds below the bed of the/mMa matrix. 
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and bare endeavoured to throw ipto my, narrative as much perapecuity aa 
the subject is capable of; still, however, the diamond is too important a 
mineral to be passed over in a hasty manner, and I trust I shall be 
excused if I here indulge in a fe^ general observations. 

General Remarks. 

Ist. It Was formerly supposed that diamonds were always found at 
the *same level above the sea, and it still remains to be proved whether or 
not there is any truth in the hypothesis, the following barometrical heights 
are deduced firom actual observations made by myself. 


Kaeha Matrix. 

Source of the Ranj river near Udesna, ... 
Floor of the mines ofSakei^a and Udesna, 


1496 feet. 
1470 „ 


Pakka Matrix. 

Floor of the mines near Pemna 

Bed of the Ranj river doe east of the above. 

Top of its cascade near Rdnijmr, 

Source of the Bdgin river near Urki, : 


1300 feet. 

1300 „ 

1240 „ 

1420 „ 

Floor 


• Thii hypothMii can only apply to diamonds in their native or rocky beds, and does not of 
to transported diamonds which are found at various levels, but if the rocky matrix is uni- 
versally condned to sandstone of the same era, it is not unlikely there may be some truth in it, at 
least in India, for instance, the rock mines of Bangm^M appear to correspond pretty closely with 
those of Paniw, wd Captain Cowin (Madrailit. Tranfc)'says,'tbat "the route acrow the plain be- 
tween the nallamalla range and the table land at Bmganpaii, u about 800 foot above foe sea;” now 
the town of Banganpdli, from its position with regard to two rivers, (foe Ktmd and the SttruJ which 
unite in that plain, must be aUll higher, and Dr. Hkvnk says, it “ is built at the foot of a low ridge of 
hilU-from 100 to 800 feet perpendicular height on which the diamond mines ate skuatod." Dr. 
Hams nt=Tr»tT of foe height of the diamond ridge is conjectural, and may, as is often foe case, in 
of height made by the eye be rated too low-upon the whole, tbereftire, I think, thm is 
reason to conclude^ that the diamond bed of foe Btmgm^ mines is at leaM 1 100 feet above foe sea. 



EhwiP of the v. < . :. . , fdgo feet. 

Bed of the d»e s^th of thoa, . . ... . . I880« „ ^ 

Floor of the mines ol^Sfi^V 1260 4^ 

Bed of the Bdgut river ^exactly opposite* 1250 „ 

Matrix smpt awing. ' 

Top of its 1st cascade* 1120 feet.. 


Tnuttsporttd Diamonds. • 

Bottom of 1st cascade, . . . 

Bottom of 2d cascade 


800 f(fet. 


From this list it would appear that, the roch matrix<<Qf the diamoad in 
the Patma mines ^has been swept away at an ^evatipn <of 1100 feet, and 
that its lowest position in situ is between 18 and 1500 feet above the sea. 


2d. The contracted limits, of this diamond tract has already been men- 
tioned, as a peculiarly striking circumstance;' the same kindof-sandstone 
as that in which the diamond is found*mctends far beyond those limits and 
why does it not contain diamonds also T >to tins question I. can only reply 
by the following explanation; on the north, the scarp of the Bindhchat 
hills rests as a point d’appui on a low ridge of sienitic granite and the 
plains of Bundelkhand exhibit primitive rocks throughout — therefore ex- 
cepting transported diamonds, nqne can be expected in that quarter ; m thOt 
south, lias limestone stretches along the outline of the counterscarp of the 
second range of hills — and here again (excepting the diamonds of the coun- 
terscarp) ifone are ever found — ^being perhaps.- buried by the overlying 
limestone ; on the west, the sandstone becomes thinner, being often little^ 
more thai\.a mere capping; the conglomerate fo;pa is alsQ.frequent, but in 
the diamond tract it is remarkable that there^is no other conglomerate 

o 2 than 



which. contains the diamond; »«»OiWr;btach.bitim^ 
ri»ee to theiurfiwe new the viUnge of ^»%r4#ough in th. dUmond 
tract I hawnever aeen it with leas than 400^* * * et of sandstone resting 
upon it; on the east, the sandstone; continues pretty much the same, and I 
cannot offer any satisfactory reason why diamonds should not be found 
east of the Chei/la Nadi, which at present is considered to be their eastern 

boundary. ' 

. I have endearoured to show that the rocky matrix of the dia- 
mond ^POnna is situated in sandstone, which I imagine to be the same as 
the neio red^bme of Englasid; also, that (if the transported diamonds 
are excepted,) there is at least 400 feet of that rock below the lowest dia- 
mond beds; and further, that there are strong indications of coal, under- 
lying the whole massi how fhr this may agree with the •geological posi- 
tion of the same description of mines in Southern India, wUl best be 
seen from the following extracts. 

Ae far as I understand, Dr. Hbvnb, in his tracts on India, pages 103-4, 
the KUls which surround the rook mines of Sangaapilli, are composed of 
slate clay, a**** lus account of them reminds me much of Panna, he says, 
» they are straight at top, and usually level for some extent,” so that 

. even 


• Mr. Mawi iiy», “ the diemondi of BrazU, like thoie of India, ore found in a looie gravel, im- 
mediately incumbent on the lolM rock, and covered with vegetable mould and recent alluviel nutter. 
Thte gravel oonditt prindpelly of rounded quarto pebbtoa of variont tia», mixed with land and oxide 
of iron in lome parti which he viiited, he layi further, •• the gravel ii cemented by meani of the 
oxide of iron into a cooiidorably hard conglomerate forming rocb and low hUli, in the lidei of which 
are water^ouraei produce# by torrenle daring the rainy aeaaon, in theie hollowa, dhmonda ara not 
unfra<pianUy diacovered,” and he oondu<m by •eying, ^ if •«• conglomerate U not the reti me- 

Irix of the iti irud geological lituation ia unknoi^" (Mawb on Diamondi.) The matrix of 

Mr. M*wi appoart to reaunble Aat of thetnmiportod diamonds of the Pimiu minw, and ai 6r 

Ml CM jndge by deicription, it aeema ilBt nearer to tceenritie tboie of Seuihan India. 



I’ iKf 






evca TtUages a» timiMrbe tays al^; tint ‘‘ tl^;;:«^t^;.of , Uiq 

wells is brackish/’ -kmtfw^ ia&ation of Aetr. 8sUferoTis.<|VttiUft^ sad for-i 
ther “ that, the country slottfc Bay twytgtis wady aad stooyti ii(|{d \4bi|!6 
the stones are chiefly congbnnerates, composed of siUcious materials.” ; 


With respwt to the nckin which the matrix of the diamond is found* 
his description is as follows — the solid rock of the bills (which by the 
bye is not quite destitute of diamonds,) is an aggregate, consisting chiefly 
of a coarse grey hornstone, with rounded- pebbles of the saini^ spe-. 
cies, but of a fine variety of stone, or of jasper, of difierent colors ; at some 
depth, this rock becomes ferruginous sandstone, the grains of .which are 
finely cemented together, and this kind of stone usually forms the roof of 
the floor of the mines; foe floor is- gemprally of. a ssddish brown tcolor 
with shining partacles, and strikeai fire with steel;” again. -ha says, through 
this solid rock the miners most make their way befbie foe^ arrive at the 
diamond matrix. . 


Dr. Voysey’s account of these mines ist 'ffoat foe diamond matrix,” 
in its rocky state, is “ a sandstone bieocia it lies under “ contpact sandr 
stone, differing in no respect freon that which- is found in foe main range, it 
is Omnposed of a beautiful mixtureof red, .and yefiow- ja;q>er, quartz, chai> 
«cedony and hora^ne, of various colours, cemented together by a quartz 
paste, it passes fnto puddingstone composed of rounded pebUes of quarts* 
hornstone, &c. cemented by an prgillocaleweous earth, of a loose frUble 
texture, in which the diamonds aremost frequently found.” 

The apparent discrepancy in these accountsis not irreconcilable — but 
Dr. VoYSEY is'most distinct in his description, he says that the rock un> 
der which foe diamond matrix is found, is compact sandstone, and that it 
differs in no respect from foe sandstone of foe main range, he did not see 

the 





'* - ■ ’ * - ’ - • ’ ^ — ^ ll0i6,);t^t the diamond 



bed:is 


Bamettat]^ vith.^^oc]u iand belov;>t, botia 

distii^gK^il^from Uiem^by its suj^or hatdness, and that the floor is so 
hai^ that it strikes fire with Bteeij^a pecuUaritywW^^ equally applies to 
Hj^JRama mines.— Dr. Voysby arrived,a,t the following conolasioiis. 


.1st. That the matrix of the diamond in the mines of, Soufliem India 
is thft^lMiiids tQne.hreoeia o^ the/V|day slate formation.” 






1 '- ' 


• m. ad., ., That' those found in aUuvUdvSo*! W® produced from the debris of 
tbe above.tock* and hexe been bmnghklMther by some torrent or deluge, 
n^bi* ;** p-nnld haye transpoiasd such large masses and pebbles from 
tl^ parent.roek* and that no modem ok traditional, inundation, has reach- 
ed to sudnan extent 


, . V ( , V 1 *•••>? « "'J* ' . ' . • 

. . 3d. That the d i amonds found at piesent in thO bed of the rivers are 

wa8hed)dbwit.by the miimal, rainp. $»■«. fir 

♦ ' 

,ArV.'' V^l^A V ' 

1 cordially agree .with Dr. VovssY.in the <gene«al result of his conclu- 
sion, iiecausal am satisfied that the same circumstances , are applio<d>la^ 
to the mines of Fmna, but 1 nevertheless.d^er from, bij^iu two points ; « 
Ist, 1 could not ti;aoe. any likekhooid of diamonds beinguirashed away by. 
any. natural causes nowin operation, sucl^as the annual rains— they are, 
in general, too deeply covered with, soil, even in their most supei^cial 

, , . ' beds 


, ^ ^ 

■ . .<>■ ■ . ..n ■' 

• As it apptan from hit deicriptioD that the pabblei are rounded, perhaps the term conglome- 
ralel or puddiag^he,' woidd be better thill irteda, at fiait it irbold be more in accordance with 
terms alraady.(eoognised. i ' ' ' 
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beds to admit of this conclusion, and such only as might have accidently laid 
onthesurfacecouldbesotransported.* 2nd, I cannot agree with his nomen- 
clature with regard to t “ clay slate formation,” because he himself says, that 
in using the tenn clay slate, he does not mean the Thonschieffer of Wehneh, 
which is the only recognizable term for that rock according to the Wernerian 
system, but excepting these two points, I have found great accordance 
with his result, and am happy in having it in my power to express it. 

4th. There is another circumstance to which I must advert, but I do 
so with diffidence and Under a hope that it will be considered merely con- 
jectural. Dr. Brewster supposes the diamond to have originated like 
amber, perhaps from the consolidation of- vegetable matter, and that it 
gradually acquired its crystalline form, by the influence of time and the 
slow action .of corpuscular forces: the late Dr. Voysev adverted to this 
opinion in his account of the diamond mines of Southern India ; and on 
the occasion of publishing an abstract of that paper in his Journal of 
Science, Dr. Brewster observed that he saw no reason to alter his opi- 
nion : now as the rock matrix of the diamond of Panna appears in some 
respects, though not altogether, to resemble that of BanganpilH in South- 
ern India, there would seem to be little chance of my conjecture being 
useful, still however as every opinion regarding the origin of this fine 
mineral is as yet theoretical, 1 will not withhold what occurred to me on 
this subject, though 1 again repeat that I ofler it with great diffidence. 

. The 


• Mjr meaniDg with regard to thi* point of difference if, that I conaider the tranaported dia- 
mondi to hare been chiefly swept away by diluvial action, and that alluvial agency mutt have 
been very incontiderable, though I do not deny iti partial influence. 

t It hat occurred to me on reading Dr. Votsby’s paper on the diamond rolnea of Southern 
India, that the rock which he hat termed clay slate, may, perhapt, be the slate clay of the English 
geologists, or the secondary argillaceous schists or shales of Dr. Maccullock, which are associated 
with secondary sandstone i Dr. Hethb mentions slate clay as being the chief constituent of the 
surrounding rocks in the BanganpUli mines. 
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DIAMOND MINES OF PANNA, &c. 


Th« theory of Sir James Hall on the coiuoUdation of strata fre* 
quently recurred to me when examining the sandetone in which the dia* 
mond is found ; I thought that I could discern much in favour of it, and 
particularly in the gradual changes of .its nature, from the lower to the 
upper strata ; now if the principle of this theory is admitted to be correct 
and applicable universally, it follows of course that it must be applied here ; 
and then it may be questioned, how the diamond was preserved, under that 
*degree of heat which must have been necessary to form its matrix the 
gritstone ?' In answer to this objection 1 suggest, that, the circumstance 
of calc spar occurring in trap rocks is somewhat analogous, and if it is 
admitted that compression under the weight of strata, and a superincumbent 
ocean, had the effect of resisting the expansion of its carbonic acid and 
constraining it to continue in combination with lime, might not the same 
principle be reasonably enough applied, to account for the preservation 
and detention of the elements of the diamond in the gritstone ? and again, 
should it be further shewn that crystals, such as those with which we 
are familiar in nature, may be produced by slow cooling or other processes 
according to the above theory, may we not look to it also, to account for 
the crystalization of the gem ? 

This conjecture rests upon the truth or fallacy of Sir James Hall’s ‘ 
theory, or, on a modification of it, and when this theory is considered as 
the result of long and patient experiment, and the high reputation of its 
author is taken into account, it will require something more than limited 
observation, or ordinary ability, to answer its objections ; my part, how- 
ever, is merely the suggestion of a traveller, and I therefore conclude my 
paper by expressing a hope, that this important mineral may meet with 
more able investigation. 

VI. 


* See the Note appended to tlie article of Pmma minia, p. 106, of thia ?olume. 
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ON TH]Q 

GEOLOGICAL AND MINERALOGICAL 
STRUCTURE 

OF THE 

Hilh (f SitdbakHf Nagpur^ and its immediate vicinity. 


By the late H. W. VOYSEY, Esq. 

Assistant Surgeon His Majest^s 67M Foot, 


The hill of SUdbaMi although agreeing in form and interior structure 
Frith other basaltic hills in its neighbourhood, merits a more particular 
description on account of some peculiarities in the composition of the 
main roqk, hitherto unnoticed by Geologists, and for the opportunities 
afforded by its extensive quarries of studying the varied structure of the 
rocks of the trap family, which is rarely to be seen in so distinct a manner. 

The mass of the hill is composed of porous basalt, with a semi-column- 
ar appearance, derived from numerous vertical fissures. It passes in some 
places, both in a gradual and abrupt manner into a coarse porous wacken 
or indurated clay, which in its turn changes in a similar manner to the 
nodular basalt or wacken, of which the northern and southern summits 

of 
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of the hill are composed. At the junction of Uiese rocks, the passage is 
sometimes so gradual as to give the intermediate rock an indeterminate 
character partaking of the nature of both. At others, it is abrupt, yet 
notwithstanding the abruptness of the change, the vertical and horizontal 
fissures are prolonged into each and^. cross the line of junction. I shall 
not here enter into a greater detail of these appearances, but shall con- 
tent myself with observing that the most satisfactory explanation of 
these phenomena, is derived from that theory which ascribes to the trap 
rocks an igneous origin, under pressure of a great body of water. 

The semi-columnar basalt forming the greater part of the hill is very 
porous, containing numerous amygdaloidal cavities, which are for the 
most part merely lined with a peculiar mineral, which I presume to name 
*conchoidal augite; sometimes, howerer, they are nearly filled with it, or 
with calcedony, semi-opal, or carbonate of lime ; the calcedony being 
usually covered with a coating of green earth. The rock itself is com- 
posed of hornblende and felspar, with the augite, so profusely disseminat- 
ed, as to claim a right to be considered in some cases, as a constituent of 
the rock. This is, I believe, the first time that conchoidal augite has been 
found entering into the composition of basalt. The rock is fusiblef and 
is of considerable specific gravity, notwithstanding its porosity. The 
vertical and horizontal fissures are not always straight, but are at times 
waved ; they arc also, sometimes lined with an infiltration of calcedony 
coated with clay and chlorite. 

This 


* From the difficulty of procuring specimoni sufficiently large to analyse, I have not been able 
to deteranine its composition exactly. 

•|* I have lately had an opportunity of fusing a large piece of the SUabaldi basalt in a steel 
furnace ; the product after an hour’s fusion was a fine black opake stone, resembling porous 
obsidian ; glass bottles are commonly made in the Mediterranean from basalt, and that of Siti» 
Mdi seems to be of an equally favourabln nature for that purpose. 
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TJlis rock i* •oeeeeded' by an indarated clay or wackra, 'which at its 
.junction with the baaalt, frequently partakes- of its semi-columnar struc- 
ture, the Tertical fissures beS^ prolonged into the wacken, and the shis- 
tose structure of the latter extending into the basalt : these changes may 
be rery fayorably seen in the fosse, which surrounds the fortification. 


The indurated clay or wacken seems to form but a small proportion 
of the hill, as it is not seen in the hollow between the greater and less 
elevation, the semi-columnar basalt being there uncovered by any rock. 
It also contains crystallized carbonate of lime and semi-opal, but cake- 
deny coated with green earth, is the most common mineral found in it. 


This rock passes into the nodular wacken, which, on a casual inspec- 
tion, appears to be a collection of stones rounded by attrition, and involv- 
ed in a matrix of clay ; when examined more oarefully it is evident that 
this appearance is owing to a peculiar modification of the concretionary 
structure, developed by decomposition. Nuclei, of various sizes, are enve- 
loped by concentric lamellae, which peel off as decomposition destroys 
their cohesion;|^ They are consequently seen in various states of decay 
and of sizes, varying from several feet in diameter to several inches. But 
their true nature is easily discovered by the mutual indentation of the dif-' 
ferent lamellae^l^likh surround their respective nuclei ; the centres from 
which this pseudo crystallization has proceeded. The existence of the 
vertical and waved fissures, need scarcely be adduced as farther proof 
that they are not the product of alluvial d^ritds. 

It appears most probable that they owe their forms to molecular 
magnetic attraction, since they contain a very large proportion of oxide 
of iron (nearly twenty-five per cent.) as may be perceived by the great 
specific gravity of hand specimens. 

I 2 
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ttodutat waclcm or baull^ris one of tiM most eosiium fwM of 
tmp in the extensire districts, composed of tkerot^of this funily, sooth . 
of the Nermadi. 

' li ocean perprtuaUy in the dstmuife and lofty range of mountains, 
situated between the P&rm and Ti^ii rivers, ai|ri appears to form 
principal mass. It is found eqtial^ hbnndant throughout the whole 
of Serar, part of the provinces of Hydeniad, Beder, and Sholapttr, and 
appears to form the basis of the great western range of trap hills, Which 
separate the KMitan ftom the interior of the Dekim. 

It is probably one of^ the main sources, when decomposed, of the 
blaek diluvidlsoil, to which jBifMbKthea owes so much of its fertility. 
The valley or extended plain of Berar, that of HasoMbad, of Sero^, 
alNaadidh, south of the Krishndi of the Pdhtid, bordering the Krishud, 
and numerous others, all lie near the course of rivers, which at some 
former period have covered, these plains and formed their extensive depo* 
sits of alluvium. Whether the deposition originated in some sudden and 
partial inundation, or tmethee it was owing- to the gradu8^>s^bsidence of 
the waters of the great deluge, 1 think may be determined hy cautiooh 
investigation ; I am at present inclined to think that the most probable 
cause was the latter. 

The hill of SUabaUi offers favorably opportunities, if the quarries 
are extended, of ascertaining p^itively whether the basalt is merely a su- 
perficial deposit, or is deeply connected with a mass beneath. It is sur- 
rounded on all sides by gneiss, or slaty granite, which is found at the 
base of the hill a lew feet deep. Perhaps Nagpur affords more opportu- 
nities than any other part of India, of studying the geological history of 
these rocks, as it is situated near the junction of the primiwy mid over- 

lying 
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lying irocks. Noiaenms opi^itanitM’niiMt during ttkacOKaTation of 
wells and baths/ of asdertaining the conn^dtDof the strata beneath* A 
well in Mr. Alex. GoanoN’s^Irden, near the base of thrill, of about 
forty feet depth, penetrates through three or four feet of black soil, sue- 
ciSeded by a magnesian siliceeos clay, which app«ii||o to owe its origin to 
^ili'''decomposition of the^eiss, by which it is immediately followed, and 

which continues to the bottom of the well; - > . 

% 

From the summit of the hill of SitabaMi the difference in the out*. . 
line of the rocks eastward is very perceptible, ^^e fttttened summits 
and long flat outUne^^with the numerooa gaps of the •trap hills, ye 
exchanged for the ridgy, peaked, sharp, outline of the primary rocks. At 
Ramteh and its vicinity, the rocks are of granite and gneiss. At Z>dit- 
gari, at Palora and ParsAni, are found cj^tallized .marbles passing 
into gneiss, capable of. reic^yiefg a^ find polieh.' > Smtae of them contain 
a small quantity of carbonate of Aagnedia, At Khorart, a dolomite or 
magnesian marble is found also in gneiss,. ..At NayakAid, PartAni, and 
the bed of the Pesh river, ^nite and gneiss Of various kinds, also 
quartz roci|i|^^|Band8toue ; and foliated black mauganese ore is in great 
quantity. 




* Captaip Bayliy'i plates of the Battle of SUobaldt^ give a very correct idea of the flat 
outHne of the btialUc trap hills at Nagpwr, ^ 


VIL 


OBSERVAnONS 

ON THE 

’ Oeologieal Apj^ran^ and Oeneral Featw^et of portum of the 
im Malayan Ponintulaf and of the Countnee lying betwixt it 
and 18 ^ North Latitude. 

♦ 

Br CAPTAIJT JAMES LOW, 

t. a 

Qf the Madrae Amy. 

It is with extreme diffi^mice that,! venture on this subject^ as it is one 
which cannot be fully elucidated without a much more extwi^ research 
than I have had it in my power to make, and a higher degree of 
geological knowledge than I possess. 

Since, however, the countries alluded to, have not hitherto been geo* 
logically described, and as political circumstances preclude British re* 
search from a wide portion of these interesting regions, the Society will, I 
trust, receive with indulgence the results of my personal investigation. 

The grand general features of the Indo-Chinese regions seem to be - 
alternate ranges of hills stretching nearly north and south, and conforming 

occasionally 



occaaionfUly to ^ genwaf (UMctkp of Peninsular Tracts, and of yalleys 
of various breadth, through wbich^flow lart | p p ver8. 

The principal ranges are, that which ^yides A$<m from Am, then 
the and ^<;a range, next the iS'iamefe and Cam 29 <m, .and again 

the Cambojan and Anatn range. The continuity of these appears to be 
most liable to interruptions as they approach the south, and none of them, 
as far as my information extends, can be compared in height to the 
secondary ranges of those lofty Hinudaym mountains, from which they 
are evidently offsets. The broadest valley seenm.to be that of Am, and 
the narrowest the Cambojan one. The general inclination to the south of 
the whole of the regions lying betwixt "Bengal, and the sea of Skamscatka, 
is apparent from the course of the rivers being in that direction. From 
regions contiguous to the sources of these rivers, the;|||ide of popuUtion 
which overspread the southern plains, appears to have flowed, a position 
which might be illustrated by the affinities of languages. 

The Indo-Chinese ranges are in so far an we yet know covered by 
deep forests. It is only, therefore, in the ravines, ||9rmed by torrents, and 
on the face of an occasional precipice, fliat their structure can be conjee-, 
tured ; and these facilities are available at but a very few points, owing to 
the wildness of (be countries in which they occur, and of. the barbarous 
hordes which roam over them. 

1 will begin with that part &f the Malayan Peninsula lying in about 
4** S. latitude, and keeping on the west coast. This, point is, in the Perak 
country, which is governed by an independent Malayan chief in alliance 
with the British. From this last circumstance we may hope in time to 
giain a more perfect acquaintance with its geological peculiarities. 



Close to the venttabce of the' Pinds are the SeimltM Ifhnulf, 
hiUy, with rocky^ores. leemi to be here the prevailing rock. 

The plains of Patak are chiefly {fllavtal, up to the line where a marked 
ascent towards the central range if discernible, and which may, perhaps, 
be averaged at-flfteen miles from the sea. The range in question is a 
portion of the gmat N. and S. one, uHhiich divides the Malayan Peninsula 
longitudinally. The rivers to the eastwmid of it consequently disembogue 
themselves into the Gulph qf Siam, while those to the westward enter the 
Biqf of Bengal and the Malaeea Straits. This range, generally, considered, 
lies nearer to the west than tothe east coast of the Peninsular. Where it 
bounds Perak on the east, it is both lofty, and, in so far as observed, con« 
tinnous. Gold has been found in the beds of some of the mountain tor* 


rents- which join the Perak river. From (q>eeimens of ores of gold, found 
in the hills east isil^alacca, it would seem that the matrix is most fre> 
quently. quartz. That the Malacca Peninsula was the golden Chersonese 
of the ancients, cannot jiow, be proved, but it yields at this day gold in 
sufficient abundance to render this position probable. The granite forma- 
tion appears to predominate wmongst the Perak hills,, and in it are found 
the veins of tin from S^ch the Dutch formerly derived much profit, and 
which now yi^ds valuat>le supplies of that metal. The mines must be 
very rich, since eten at this period the native workman seldom digs above 
ten or twelve-feet below the surface, and often contents hktiself with merely 
washing the soil taken from the beds of rivulets, and separating the oxyd 
of the metal imthe shape of a black sand. The oxyd of antimony is also ob- 
tained in large quantities amongst the hiUs* but my specimens being pure I 
cannot specify the rocks with which they are associated. Lime is also (ac- 
cording to native formation) obtained, but its nature and locality have not 
been ascertained. From some native accounts also it seems not improbable 
that coal will be discovered in this track. Perak is a fine country, watered 
by a river of a very picturesque nature, and it contains a considerable ^ 

* k 

population 



population of ^Cbiuese aiid; lijmy»^ From Pirak, northward to Pmatg, 
the coast is level, with a few detached l^|||a, not characterized by any 
peculiar feature, which might contrast thcim with those we have been 
describing. Petumg, it is well known, exhibits an almost exclusive 
granite formation. The granite is, for the most part, grey, and decom- 
posable, generally flaking off by exposure. It protrudes at the summit 
of the hills, and may be ibond lining tbeir base. Mica occurs occasion- 
ally in pretty large masses, and white quartz, regularly crystallized, is 
found sparingly. On the shores of several of the small islands lying off 
it on the south-east, conglomerate, tinged with oxyd of iron, is found as 
well as the usual granite. 

That part of the great peninsular range in the latitude of Penang, is 
much broken ; but many of the hills are of considihible height. The 
loftiest one, visible from Penang, may perhaps be stated at four thonsand 
feet. They are almost all rich in oresjif tin ; and were European scien- 
tific men to be permitted to explore them, we might expect to derive 
interesting results from their labors. A table land of eontiderable eleva- 
tion and covered with grass, is reported to ni about north-east of 
Penang, in the centre of the great range. The jealousy shewn by 
the Siamese, has hitherto prevented me from visiting it. Marble is reported 
to be found in this direction; but no specimens have been obtained. The 
Malayan inhabitants are all friendly to the British. 

That portion of the Kedda Coast, facing Penang, has evidently, in 
many parts, been rescued from the sea. The period when this happened 
is not traditionally known, although it is ccmjectured that it is not very 
remote : mounds of sea-shells are found about two miles inland. There 
are detached hills on this part of the coast, which contain tin. 


The 
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oUect of coneuterftble geolo^. as weU as geographical, inteiwt. Its 
height has not bean correctly ascej^teined. It may perhaps be stated at 
three thousand feet at lefst above Ae level of the sen, which washes part 


of its base. 


The summit has not been reached, as far as 1 am aware, by any 
European, although perfectly, practicable. This has been greatly owing 
to the jealousy of the Simm. From specimens of rocks and ores 
hroughtirom this, hill by int^ligent natives, who were sent by me to ex- 
plore it, I am enabled to state with some measure of confidence, that it 
principally consists of the usual granite of this coast. On the sea face 
is a cliff washed by a waterfaU, where largecrystals of white quartz are 
got ;--8imilar crydids were brought to me from a spot near the peak. 
The summit is a granite rock, with a flat termination of a few square 
yards bare of vegetation, and acc^ible with ditficulty. This mountain 
contains gold ; and tin ore was formerly obtained in large quantities on 
it. Various ores of iron were, brought to me from it, and it is probable, 
that many other valua^ minerals may yet bo found there. This moun- 
tain abounds with all the valuable woods of this coast, amongst which 
are several kinds of fir. The inclination of the hill is apparently to the 
east, and there is a very remarkable laenk (of ef seven hundred feet, 
judging by the eye and telescope, at the distance of ten mUes.) in, the 
rock, east of the peak, which may have been caused by an earthquake. 

• The latter phenomenon, it may be remarked, is not Mowed by such 
violent effects on this coast, as on the Jr&md 0 / Sumatra, and on Jatm, 
Theexistenee,however, of hot springs in various parts of the central 
range, indicates the prevalence of mineral substances, of which speeimeM 
have not yet been obtained. 

Advancing 




AMnon^ Chinit, and pasilhig' the mouth 
of the KeMtt ftret, vldeh t^eil its rise in iSh' central ran'i^ and fertilizes 
an rnttenaive track of rich smlt^'Hhh first ohjeot which: attincts the mtten> 
tien, is theelephuit rock, a short 4istanee' north from Kedda. It is'a 
dark mass of g^nite seemingly, and it shoots rerjr abruptly out of the 
forests to the height, perhaps of four hundred fiset. 

' ■ IJ * i ,.(■>■■■ 'V . 

The coast continues low to the northwards of tins' point. Turning 
to the ZoKMMjg J«hiNdr, we find granite still prevailing, but here in the 
bird nest rocks,” we ar^ enabled to note ' the southern temfination in 
this line of the limestoiw formation which has been traced by me up to 
the northern boundary wthe Jt^rtaban province. 1 have no doubt, that 
detached lime rocks abound in the cential range, but they are not con> 
nected with this formation* in so far as we yet know. The first decid* 
ed indication of the presence of lime,’ #ae observed in a perforated 
rock, lying off the-N.-fi. side of Pnh Trotto. 

The calcareous rock is here much ting|^by oxyd of iron, and mixed 
up with different earthy substances. The strata ine inclined to tiie west 
at angle of about SO*. 'ie 

Several miles north of this pi&t, the rocks bfegin.^^i^^e first 
of these was visited by me ; but it merits much narrower inspection, 
than time permitted me to make. 

It is a huge mass of heterogenous rock rising out of the sea to the 
height of about three hundred- feet. Its shape approaches to an oblong 
square, and it is rendered inaccessible by cliffs. The whole seems in* 
dined at a slight angle to the stmth. 
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the dtsbbmpdning haiye^of tive^tiitfaee, it^bxii' 1 ^ 
tilfctoam^e'%t‘A''spehd 7 'c 6 n<^htM resfibctingits irholestrwittne. It 
appeared to the^tenst On 0 grahltk3 ba 8 e,‘*'^ooyeiredi)y Tsirioua admixtures; 
The superidcuihbent mass is hetttogfuous. Limestone iaVarious stages { 
veins of quartz and ores of iron are most prominent {calcareous incrustn* 
tions line the hollows of the cliffs ; where also the agaric mineral abounds; 
— 4 ind the eiifiii are, in lome places, 'oillllhntly marked by broad vertical 
ribbon-like streaks, varpng in' colour according to the strata from which 
the water;' containing thO'eolOnfing matter, has flowed— white, black, and 
dark' ‘Ifluish;^ and hlate eolouts, 'are most frequent. At the south end 
about half way up the cliff, there aro magniflcwt natural arches. The 
grotesque calcareous stalactites, which depend^st over the entrances to 
these, give them| as a whole, the.B^>eet of aflecayed gothic ruin. 

’ A cavern has been formed quite through the north end of the rook by 
the action of the sea below, dnd the gradual decay of the structure above. 
Stalactites here abound. 

Out boat carried i^intoihe centre of this cave; it is gloomy, but the 
lUof is perhaps fifty ibet high, and dome-shaped though rugged. Here 
weraObaBoed flimsy ladders of flexible cane, stretched betwixt projec- 
tions of m rock; and on emerging ilttfllNha cavern, similar ladders were 
observed to have been arranged up the face of the cliff, in a zig-zag man- 
ner, here fastened to a jutting point of rock — there reeved through a 
perforated angle. These had been thus placed by adventurous Malays, 
iif quest of the edible birds’ nestS. Their trade is more dangerous than 
tfaatPf the samphire gatherer, or the Hebridian Birder; but it is more 
profitable than eithCr. Several of the birds’ nest islands, in this line, 
have been so tortuously hollowed out by the slow operation of ages, that, 
previous to going in, the nester fastens to the entrance the end of the clew 

he 
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theytne dammer . torches.' The^-’eye of ’ the.< swallow which builds, these 
neatSi must be.peculiarfy farmed to enable it to work and nestle in^^^such 
a labyrinth, where total darkness prerails. ‘ 

A pocket compass was placed close to that part of the cliff, which 
seemed most strongly impregnated with iron ; bat it was not affected. 

Near, and to the north of this rock, is a very rocky island, termed 
Ka Peso by the Siamese, because, in their legends, it is related, that an 
undutiful son having denied assistance to his parents, . out of the profits 
of a successful voyag^e, the gods sent a storm- which drove his vessel to 
sea, where it was transformed 'into this rock. 

The general structure nearly- corresponds with that of- the rock just 
noticed ; but it has a most singular aspect, from a series of peaks which 
rise from it — bleak and striated, and which, on a near approach, resem* 
ble the chimnies of glass manufactories, geological features of this 
island may be best seen at the north end, where large masses have fallen 
from the cliffs. Here granular magnetic iron ore imbedded in sircalcare* 
ous and micaceous gangue, was found in considerable quai^lity. A nearly 
similar sort of iron ore abounds ^i^e high ground on the main land, at 
the entrance of the JVowg' river. > • . \ , 

These rocky islands are adorned by numerous beautifully flowering 
shrubs and trees, and are frequented by the white sea pigeon (Cohiml;^d^ 
maris), and by birds of passage. A coarse coral bottom prevails aroupd 
each ; but the depth suddenly increases at tbp distapee of two or three 
hundred feet from the shore ; oysters are abundant. At the north side of 
the narrow entrance to Trang harbour, iu N. I^it. 7* 20’ is a remarkable 

calcareous 
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amoDgat ihe.ialanda j«a4 deacribad^ Sevwral «f tiie atalaotitic masaea are 
bell er fiiiiguB*ahaped, tbe apex^upararda, and erhra atnidr, are found to 
be remarkably aoneroua. Theae are all tinged with iron. 

Pulo TUihtm, ariiich forma the northern aide, exhibita granite and 
iron atone, with, veina of quartz in it. ; From all that 1 have aeen, it 
ahouldaeem that tha lime .f<Hiaiation<beoomea more compact and pure, aa 
it ia followed, in a northern direction. . 

; . The rock in question contains a detached portion, having a stratified 
appearance, and inclining to the 8. S. at an angle of about 36*. In one 
of its caves were observed twelve huuiaii skulls, laid out in a row. They 
were (koae, the Siamese.aaid, of Burmans, who were slain in those wan, 
when they attacked and destroyed TUAoh. ■ Part of the stockade, which 
surrounded the town, was yet standing, when I visited the spot in 1834 , 
about fourteen yean after itft^truction. The thick planks, or beams, 
were quite eoundi oodjrery hard. The . tree, firom which these durable 
walla hadibeen ohtidned, ia tire Mai-he^wm of the Siamese, and the 
gHU/k of the Alfdays. 

■■■«>■■■■ 

The Trang river is broad— witira high ridge nmtiing at right angles 
to it, on the west side of the entrance. Granite rocks here protrude 
through the lidl, which ia red and ferruginous. The shore is ovenpread 
||||l lumps of micaceous iron ^ee very fusible. The iron is in small 
rounded particles— black, but ytelding a reddish streak, and when redimed* 
to powder, adbermg to the magneto The matrix is a brown ochre, which 
soils the fingen. The quartz, which is found unbedded in the granite ^ 
tills coast, is generally very lammellar, and the plates transparent. Then 
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obtaioed legaijding )Uia?gieAt ii|i||^ The young Raja ^*'IAgor ittfomed 
me,, that the paas, betwixt thOfbilbN' is diffic#t;; but as -he ro<le^hie'':do- 
pbant the .wbole..way on several oecasions, bis ^ount is no doubt exag> 
gerated. 

Bfost of the small ishmds, lying betwixt<^!IV(n^ and seem, 

for the greatest part, composed of granite.'‘;It.preTails in the latter island, 
and here again tin appears in. proximity, to^ or interspersed in it, « and its 
debris. 

A range of hills, the highest of which, I: believe, will not be found 
to exceed one thousand feet, .‘Stretches longitudinally through the island,' 
with one large break in the middle. The island was probably once joined 
to the - mainland, since the Papm Straiti "which, separates the two, is 
narrow and rocky. The island,' when 1 visited the interior in 1824, had a 
population of six thousand souls (Siamese.) 

V. - ^ ■■ ’ 

The tin formation seems to run in a continuoualine fr<»n the southern 
extremity of the Peninsula>up to uboui 15* N. Latitude. Beyond this point- 
neitber Burmans nor Siamese have discovered any mines. But as the 
countries, lying on both sides of tHS great belt of mountains, are, perhaps 
to« distance, of twenty miles, respectively, from the skirts of the latter, 
inhabited by wild tribes of Karians, uninterested in the search for this 
metal only,’ it is probable that tin does exist in these latitudes. ■ It shews 
itself again in Thompi, one of the provinces of the Skin, as the Bnf||^ 
mans term Ae inhabitants, and lying, if I can depend* On' the' distances 
given to meby natives of the country, in about«hO* N. Lat. and Long. 99*»- 
100. The aaitives call Aemselves Plaui ■ They are shorter in stature thatb 
Ae Burmans, and Aeir features partake much of those of the Chinese. 

M 2 There 
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; Thete the tiii^ore occurs in beds of stteants mixedS'Vitlt . saiid. The 

natives do not di| mines to get at it, owing^perbaps to its being of little 

valae at such a distance from the coast. They have, however, by their 

own accounts, valuable lead ores, which they reach by deep shafts. 

% 

In Captain Forrest’s time, when Junk-etjflon was visited by numerous 
native traders, the mines yielded an average annual quantity of five hundred 
tons of tin. But as the population has been reduced to about six thousand 
souls, and as the Siamese have mines closer to their capital, a very small 
supply only is now taken from the island. Perhaps it may be rated at one 
hundred Bahars of 446 lbs. averaged eash. A Chinese smelter informed 
me, that he could afford to produce tin at a cost of one-half at the utmost 
of the market rate. The miners dig pits of from twelve to twenty feet deep ; 
but seldom venture a lateral shaft. The ore is generally in round or 
oblong masses, with well defined crystals, and in a matrix of quartz, or 
bedded in masses resembling half decomposed granite, yet of considerable 
hardness. 

The furnace in which the pounded ore is smelted, is made of a com- 
pact of tfiays and earths, is oblong in shape, and about three feet high. 
Alternate layers of ore and charcoal are put into it, and the usual hori- 
zontal hihe beUmt of the Chinese, is kept . incessantly at work during 
four complete days (of twenty-four hours) and one night, when the fur- 
nace is cleansed. After some hours labor, the tin makes its appearance, 
and is run into moulds, and the furnace is fed with more ore and fuel. 

■ 

The Bay cf Pkimga, which stretches N. £. from Junk-c^bm, is re- 
markable for the magnificent rocks, with which it is studded. At the 
distance of ten miles, they appear like huge artificial pyramids ; but on a 
nearer approach, their outlines change to columnar, or massive. The 

principal 



principal rock» occupy a line of about ten miiea, in a north and south 
direction. The northern extremity lies bdund the town and valley of 
PMnga ; the southern rests in the sea, about four miles from the mouth 
of the PMnga river. Their direction, therefore, is nearly that of the 
Trang rocks. The part of the range, lying in t^ sea. consists of nume- 
rous detached rocks of different elevations, and mostly inaccessible. The 
height does not in any instance, I should state, exceed five hundred feet* and 
seldom falls short of two hundred. One of them has a very columnar aspeet, 
which might lead a distant spectator to suppose it was basaltic. They 
are all, however, chiefly composed of, 1 suppose, primary limestone, 
and like the rocks which have been already described, exhibit no traces 
of organic remains. Some of the specimens of stalactite, which have 
been presented to the Society, were taken from one of a series of grottos 
in and near the base of one of the PMnga rocks. These caverns are 
about six feet above high water mark. The roofs are lowv' and seldom 
exceed ten feet in height, and they look as if supported by the natural 
pillars of spar, which have been gradually formed by filtration from the 
top. Several of the stalactites have barriy reached the floor— others 
touch the floor, and a double formation is going on. The sides of the 
grottos are lined with the same calcareous spar. 

Them is an insulated rock near this spot, which is perforated by a 
grand natural tunnel. To the top of the arch the height isj about twenty 
feet, and grotesque-shaped Stalactites depend from above the entrances 
from the roof. A boat can get within the arch. 

The valley of PMn^ is about three miles 10% by one, on an 
average, in tfreadth, being oval-shaped, and widest near the sea. It is 
hemmed in, to east and west, by rocks and hills. Those on the west ate 
least abrupt, and seem mostly granitic ; those on the east have a very 

picturesque 
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picturesque appearance, and where the. river washes their base, present 
perpendicular cliffs of four and five hundred feet. . They are even more 
purely calcareous than the rocks at sea, for many look at a shol^ dis- 
tance, as if ipnned of chalk. This they owe to the agaric mineral. Tin 
abounds in the granitic hills in the vicinity of this valley. The great hill 
range of the Peninsula, was not observed from this point, owing; to the 
intervening rocks. But the Siamese chief informed me, that it must be 
crowed in the route thence to the opposite coast of the Peninsula. No 
information could be expected from him, as to the rocks associated there. 
The population here is about eight thousand souls, including six hundred 
Chinese, and about one hundred Siamese priests of all ages. 

Passing to the northward of Junk-eeylm, the coast is bold for the 
distance of a degree; and lying about thirty miles off this line, are nu- 
merous calcareous perforated rocks, frequented by the edible birds’ nest 
gatherers. 

From all accounts obtained from native travellers — from personal 
observation when sailing up the coast, and with reference to the narrow- 
ness of this part of the Peninsula — it has appeared to me that the great 
central range is here of less width than at any other point. But I 
cannot admit, that this circumstance, as some have imagined, should 
give any color to the supposition that any internal navigation is, or could 
be, rendered practicable betwixt the Bay of Bengal and the Gulph of 
Siam. 1 have before me native plans, in which the hills are laid down as 
continuous. At any rate, the inclination of the countries towards the 
Gvlph of Siam on the one side, and the Bay of Bengal on the other, is 
so great as to prevent the rivers which flow over them from 'being navi- 
gable to good sized boats, beyond perhaps ten or twelve miles from their 
mouths. 


The 
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The sources of two rivers may iudecd He vrithin a few hilfifes of each 
other on opposite sides of a hill or a raiiljfe — yet the spot where they 
respectively lose the name of mountain torrents, and become navigable, 
may be very widely asunder." It is true, that by. running up the Kra, or 
any other stream in a boat, a traveller may get within two or three days 
march of the place of embarkation on a river on the opposite coast: and 
this is all that can, with our present infoilmation, be admitted. All the 
rivers on this coast are wide, and some are deep at thfeir mouths ; 
with the exception of the Tenaserim and Tavoy rivers, which incline to 
the northward and avoid the hills, *%hey suddenly contract and grow 
shallow. Tin abounds betwixt Jnnk-ceylon and Mergui. 

The coast of Tenaserim,ft<mi 10* to 12* SO' N. is shut out from the 
ocean, by high and generally rocky islands. 

Those which form the west side of Forrest's Straits, up to the N. point 
of Darnel, in 11* 3' N. (instead of U* 21' as he gave it^, are well wooded, 
and are chiefly composed of granite. Dotkel is a fine island, twenty 
miles in length, by twelve, or thereabouts, in breadth, with a rocky coast. 
On sailing past a spot, described and sketched in Forrest’s work, and at 
which he mentions having taken in marble ballast, I could only find a 
great quantity of large smooth boulders of quartz, which had been asso- 
ciated with slate ; for, upon inspection of the coast, thick strata of soft, 
black slate, with veins of quartz^ were discovei^. The slate had, in 
some places, an admixture of iron ore. 

In coasting Domel, the hills on the mainland are distineily perceiv- 
able. The highest point was conjectured to be about three thousand feet 
high. These hills belong to the great range in all probability. The highest 
peak of St. Matthew's Island, may be nearly as high. 
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There is a connderable opening north of Doml, where a distinct 

> t “t . 

archipelago of bleak Ihd rocky islands begins, and stretching north and 
douth. The belf is^o^ed of four 6n!Ve'*tiarallel rot^ of islahdsj and 
r’lSh twenty miles in breadth, ^bay tie not laid down in the Charts, 
el, I st^le^h.^'^assedthrodgKamdiSgst* them in coasting, and as 
the numerous ^gerous rocks with which this hitherto unexplored track 
abdutlRls, rendered it nOceiiar^to Ifeihor frequently, I had opportnnities 
^ visiting many of the islands. The channels are, for the most part, 
deep, and a vessel of fwo or three hundred tons can scarcely find anchor- 
age near many of the islands when within half a cable’s length of them. 

^ 

Tl^ir fbrnmtion is primitive. The granite is occasionally associated 
with tblitok J^istose strata, or sandy slate. The specimen produced, was 
taken from a vertical stratum, o^' exceedingly indurated shist tinged 
by oxyd of iron. Lime rocS’ was not observed to prevail. But several 
of the islands seem heterogeneously confused. Occasionally quartz, 
white and tabular, was seen to' pervade in Broad veins the granitic 
Todks. . 


Several “ birds’ nest” rocks are scattered amongst this group, and 
it may be inferred that ti^ey are cticareojis. Pearl oysters are occasion- 
ally picked up . The pearls got Stem them are seldom of. much value. If 
’’^earl bed8,o| anj^esirable extent do exist, Jhe praclii^ of diving for 
them, as alri^ftMCWight be applied with' advantage. The whole of the 
islands noticed, are dtititute of any fixed population. But there is a tribe,, 
termed C/uUme and Pase, the families of udiich rove about collecting the 
birds’ nest, the dammer, the beche-de-mer, conch slugs, wax, scented 

woods, 
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iroods, and oAer products of! ^:|l»land|r» ^hey live in covered boats, 
and appear inoffensive ; readily bartering above articles for such 
merchandize, as the Bunmtu bring to them« 

tor- 

^ ;■ .■ 

The iS&nne$e appear to exert very little, if ^py, control over these 
islands. Their part of the c<pmt terminates at Pd^ Ckmt, a river of no 
consequence further than ^ it forms, according to Siamese opinion, the 
southern boundary of the British possessions in-this quarter.. , 

Leaving this coast for a space^'P will, now cross the Peninsula, and 
endeavour to give as brief on account of such geological and mineralogical 
notices as 1 have been able to obtain, respecting Siam. 

The sea, which washes the shores of the Peninsula on the east side, 

% 

is studded with numerous islands, bold, and, for the mow part, rocky. 
The edible birds’ nests being here procurable from the caves, it is probable, 
that lime abounds in the rocks. Aloij^ the shores of the Ckdmphan and 
Chanja districts, ferruginous strata are preydent, and loadstone is sud 
to be procured fronL.them. . 

*:.• . • ’ • 

At Ban taphan nae, nearly in the latitude of Mergui, are the only 
gold mines now worked in Siam. The gold is either in thp ahupe of dust, or 
found in a reddish earthy matrix. To get this last kind of ore, pits of no 
great depth are dug. The ore is merely submitted to the agency of fire. 
It is not believed, that these mines yield annually more gold, than would 
be valued at perhaps about 15,000 rupees. But as thp. miners (about from 
two to three hundred, it is tmderstood) only mine during thifilje months in 
the year, and as they go very clumsily aqdi unskilfully to uroi^k, the real 
value of these mines remains unknown. 


A 



A diligent ajitiior/ ithovietl^.S^tatt, .obtKarrM of j^isaiete, tfatt 
neither their, mines of tint' nor those of copper, lead* and gold, hare Ex- 
perienced the benefits of the in^usti^ and intelligence of the Ckwm." 

Preriouei to opening h mine, thtt Siamese propitiate the spirits of the 
ground and of the stre^, hjr the sacri^Ee of cattle and poultry, and by 
^ring up these and fraits on temporary altars. This custom is equally 
wl^ed by Chinese aud MakjfM muMts, on opening gold or tin mines. 
With respect to the Siamese, the practice is a direct breach of the primary 
ordinance of ttimr faith “ not to kilPthat which has life,” and points to 
a period when they worshipped Oenii Loti, and other imaginary Dewtas. 
Cornelians are found, it is said, on this coast. 

Proceeding northward, till within about a days coasting of the Siam 
xhrer, a bill, ti^ed K,kau Deng, Or “ the red hUl," appears on a point of 
land. The coast is covered with ferruginous earths and strata ; but of 
these no specimens have been ohta^|^. Close to this place, and stretch- 
. . lug for the distance of ten or twelve miles northward of it, is a very 
remarkable range of pyramidal hills and rocks, termed by the Siamese 
“ Sam sae yat," or the three hundred peaks.” They vary in height 
firhm an hundred feet to perhaps twelve hundred feet ; some rise from the 
sea, others are scattered on the main Utfid. 

This account I gite^iVom native information, although j&iropeaik 
navigators have incidentany alluded te them. They take from hence a 
kind of hone, (perhapi an iron ore), varying in colour from^ck to white. 
The valley Skah is chiefly aUuvial, withmr the scope of the annu^ 
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inimdabonsof iwlHvftt. The first rocky focmstioii of any consequence 
northward of Sankok^ t^e capitiailii is at Prabdt, three days by water, 
north-east of the 6^^'capital, and where there is a famous impression of a 
foot of Buddha. The Siamese priests have long imposed this sculpture 
on their followers, who never ^oubt their assertiM, that the legislator 
alluded to stamped the imptossion with his own foil 






This Prabdt hM b^n made on the solid [a granite, if my in- 
formation is correct], which protrudes ^ top, and a stair has been, cut out 
of the rock to ascend by. A copper ore is said to be found on the fiat 
grounds near this place. About fifteen or sixteen miles above Prabdt, 
there is alow hill called Phra Chauja, where granite, from my information, 
prevails, and where the natives fancy they can trace on the face of a rock, 
the lineaments of Buddha. Iron ores are found here. At l^pphaburf, on 
the sonth of the road to Laos, large quantities of a very white argillaceous 
earth are obtained, and red ores of sulphur are said to be brought from 
this quarter. At Khordt they use, it is said,'* a plum-pudding stone, or 
breccia, for building ; and at Napphaburi, in this quarter, they find yel- 
low, red, and white ores of arsenic ( Realgar?) a metal which enters largely 
into the Siamese Pharmacbpoeia. The range of hills, stretching N. E. 
from a point in about N. Lat. onihe east bank of the river of Siam, 
yields ore of iron in great ||bundance ; and the Chinese have, therefore, 
established a large party at T,hasi}ng, a town lying on^L branch 
of the river. They manufacture various coarse articles oTcutlery, 
which are rejected by the Siamese, themselves, in favour of foreign 
importations of that inetal. Iron mines exist lalso SK }Sokkothai, higher 
up the river. The range of hills dividing Siapt from South Laos, is 
continuous, according t6 every account I have Reived from native 
travellers, who invariably go most of the journey by land. They 
affirm, that there is no water communication across the country; so 

o 2 that 
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that the river Amm, laid down by some geographers,* dppews to hate no 
existence. 

The Me Nam, or great river of Siam, has been traced by me, in 
native maps obtained from people of Laos, up to about 21* N. Lat. where 
are high hills abounding in hot spring. P,hokhau Lo-ang Prabang, a 
hill many days to the northward of Laochdg, in the south of Laos, yields, 
it is said, gold and precimis stones. It may be the Mohany Leng of Do 
HaLDE, where, he observes, were to be found “ gold, silver, copper, tin, 
and red sulphur.” At Chantabdn, on the east coast of the Gulph of Siam, 
granite is believed to be the prevailing rock, and quartz-crystals, Ceylon 
diamond, and coarse rubies, cat’s eyes, and other precious stones, are col- 
lected, it is reported, in the vicinity. Steatite is found in Ligor. 

We now return to Tenaserim. The high islands fronting Mergui are, 
I think, of primitive granite ; and King's Island, with most of the lesser 
islands in its neighbourhood, present bold granite cliffs to the sea. 

The hill, on which the town stands, consists of granite, decomposed 
at the surface, with much quartz interspersed in veins. The ochery ap- 
pearance of the soil, in some places, indicates the presence of iron, and 
tin ore is found in the streams at the base of Uie hill ; — ^lead ore is reported 
to exist^ the upper parts of this province. The rocks on the island 
forming^ west side of the harbour, ara strongly impregnated with oxyd 
of iron. In the 'vicinity of the town, argillaceous petrifactions are found. 
The clay contains soiSe lime. But no marks are discernible near Mergui 
of lime rocks some petrified crabs were obtained. The province of 
Mergui, or Tamau, abounds with tin ore, especially to the southward. 

The 
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The eea, northward to Taccy, is pretty free of islands, prey granite 
is the pievailing primitive rock throughout the province of Tavoy. 

There is a low range of hilj^, which stretches north and south, close 
along shore, and shuts from the sea a great portion of the province ; near- 
ly opposite to the town of Tdlai, on the west bank of the river at Kamau, 
is an elevated ridge of several miles in length, which is almost wholly 
composed of iron stone of different degrees o|^ compactness. On the 
surface, the soil and gravel are reddish. But on a high part of the ridge, 
is a rock very hard and fine grained, but not striated, and of a blackish 
colour. It is strongly impregnated with iron, and so magnetic, that a 
piece newly detached and of a pound in weight, held a piece of iron, nine 
grains in weight, in suspension. It was with much difficulty, that a few 
specimens could be taken off with an iron crow. This rock might, from 
its black appearance, be supposed of meteoric origin. But it is evident- 
ly connected with the ferruginous strata beneath, and seems not to 
contain any nickel. 

Tavoy is a very hilly province. The first range connected with the 
great centre belt, lies about ten miles east from the town. Hence to the 
main range there is a succession of north and south ranges, gradu 
ally increasing in height, and having very narrow valleys betwixt them. 
Through these valleys flow rapid streams which, after pursuing the direc- 
tion of the valleys to various distances, find outlets, and then turning 
westward flow through level tracks until they reach the sea. The route 
to the Nay Ddng Pass into Siam, lies about north-east from Tavoy. 1 
performed the journey to the summit of the Pass in 1825^ and foot, 
as the road is impassable either to elephants or horj||P|f Indeed the only 
paths, in some places, are the beds of mountain torrents. A dense Jungle 
covers the face of the country, precluding the probability of satisfactorily 

pursuing 
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puwuing geological purauits. The tin mines, lying three miles off the 
route, were Yisited by me. They do not here deserve that title, as the 
Tav^ym merely wash the sand of the streams, and collect the fine black 
particles of ore. The temperature of the air is found to be about 64’ or 
66' until eight or nine o’clock, and that of the water 68?* (Fahrenheit’s 
thermometer), so that the workmen nev^ begin their labour until that 
hour. As the population does not extend beyond the first range of hills, 
and the mines are buri|d in the forest far beyond these, the men are 
exposed to the attacks of elephants and other wild beasts which here 
abound. 

Other mines of tin lie on the southern coast below Tavoy, and a 
meagre, black, and slightly sparkling ore of antimony has been obtained 
from the province, but its locality I am not aware of. 

Frequent vertical or inclining strata of hard slate, and sandy slate, 
are found at intervals to lie across the path ; but wherever a bold cliff 
appears, scarcely any thing except granite is visible. 

At Laukym, fifteen miles north-east from Tavoy, (a halting place or 
circular cleared space of the forest;, and lying a few hundred yards on the 
eastof the route, my guides shewed me a hot spring in the almost dry 
bed of a torrent. 

c 

The adjacent strata were, after miny hours labor, laid bare, and spe- 
cimens were taken from the spot where the water bubbled up. The rock 
appears to be a transition elate, passing into limestone (for it effervesces 
slightly with an aci|pand having thin films of pyrites betwixt the cubical 
portions which compose it. The water raised the thermometer to 144 . 
The gas which escaped was not inflammable. The pebbles around were 
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incnisted with a calcareous salt. The water has no peculiar taste. There 
is a mouAl on the eastward of the spring ; but no volcai^. indications 
were perceived in any direction. 

The great Tenaserim river was crossed in this route in a track, where 
either perpendicular cliffs of^f ranite, or wooded bills, hem it in on both 
sides. Its bed is strewed with large blocks of the same primitive rock. 
By leaping and stepping from one to the other of these, we crossed to the 
east bank. The breadth is here, as far as I can recollect, (in the absence of 
my notes) about thirty yards. It is quite impassable in the rainy season. 
From the appearance of the stream here, I should be inclined to fix its 
source somewhere about 15® Sty north. The road, distance to the top of 
the Nay6 Ding Pass, is about sixty miles. In a direct line it is about 
fifty miles. It was found impossible to march early in the morning, 
owing to heavy dews and mist, and the whole day was often employed in 
getting over ten or twelve miles — so difficult was the march rendered by the 
necessity of crossing (often twenty times in a day^ mountain torrents, and 
the streams they feed, and of ascending rugged beds of streams and 
ravines, where the guides were not unfrequently at fault. A considerable 
tract of table land was passed over during the route. The average tempera* 
ture of Fahrenheit’s thermometer *was at sun>rise 64® — and at mid-day 
74®. But it was often 72* at the former period, and 69® or 7(f at the latter. 

The rocks at the pass could not be well examined, owing to the thick 
jungle — but the surface is evidentlj^ a decomposing granite. . From this 
elevation, which I am not inclined to rate higher than three thousand feet, 
four very di^jdnet and higher ranges of hills were seen within the Siamese 

frontier 
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Frpm the view here obtained, I feel disposed to allow forty miles 
at the le«t fer the breadth of the whole space, in this latitude, occupied 
by hilbi The ranges are as neatly as may |» parallel to each other. 

U - . ' » ii ' ^ ^ ' V * . 

In my overland route to Yi, the surface was rarely found to exhibit 
any other than the granite' fonnation^uart* was occasionally abundant. 

, At£»4ite,near JC««air ^»«r» <>» the left of the road, and in the 
middle of a circular level spot in the jungle, is a curious hot well. It was 
found to be quite marshy all arouhd, although it was visited in the hottest 
period of the year. It was not without difficulty that it could be reached 
near enough for examination— both from the heat under foot and the 
treacherous nature of the soil. 


*' 

The well is aboutTorty feet in diameter. By throwing a bottle attach- 
ed to a rope, allowing it to fill and grow heated, and pulling it suddenly 
back, the temperature was found to be 104* of Fahrenheit. But 4* more 
may bo allowed for accidents. Not a rock or pebble could be seen near 
the well. A Meak on the surface, angular, sharp and disint^rated, scrag- 
gy granitic rock lies a short distance to the northward of it. 


The water has not been examined'l|ly tests. From this hot foufitain 
down to the stockaded town of l!%,'in the'- small province of that name, 
the country falls rapidly (to the south.) A few detached hUls are per- 
ceived at intenals, and on the east of the route a low granitic range 
stretches northward— resting on the south at 2'avmf Point, and to the north 
^in Martaban Provinco, 


The 



low hiU^oiK>vlik:h tli»stctekaded ioi||^ Fi Bt«iw|||^zhibits no 
peculiar features to attract a gedogist— grai^ decompoj|Pf^ . the sut* 
face, is most preralebt, 1 believe. 

On the route from Ye to dfertaioM, 1 perceived in the dry beds of ri* 
vers massive strata of striatiyl clay slate o£ a fawn colour. These strata 
are either vertical, or dip at a considerable angle — Martaban and the ad- 
joining countries, would well reward Uie labors of a geologist. . As the 
Barman war was being carried on, when the former was visited by me, it 
was not without the imminent risk of being cut off, or of being made a pri- 
soner by the enemy, then encamped on the north -'side of tHe river, that 
1 was enabled to explore the country np to about north latitude 18** 20'. 

A hasty geographical sketch of this province may not here be alto- 
gether irrelevant-^for, without some idea of the localities of a country, the 
future geological traveller may find his plans prove abortive. ' ■ i 

Martaban is bounded on the north, by a branch of the great central 
range<of hills dividing it from jSiam. On the south, it merges into the 
district of Yi, being divided from it by the Balamein, a narrow stream. 
6n the east, the Siamese range presents a very formidable barrier, shew- 
ing at intervals peaks of considerable elevation. The highest Of these was 
conjectured to be about five thousand feet in height. Across this wall, 
there is only one good pass, that termed Pre^song^chii by the Barmans, 
and Phra Chedu-sam-ong by the Shanese, “ the pass of the three Pagodas," 
mid lying in latitude 15“ 18' OtK' N. longitude 9ffi 22' 15* E. according to 
Captain Gb.a|it’ 8 observation after the peace. Another, but difficult pass, 
lies directly north of Martaban. On the west, it is partly bounded-by-the 
sea, and partly by the provinces of Chetdng and Thdm Pagh. It may be 
computed to contain about twelve thousand square miles. 


The 



m 0B8EBVATIPN#«I( OF THE 

,Tjb(B>pri^ipaliOT^i» tiie Kfi6^ Mmtam, (of ,i!li» .Peg%»s<,) ot Sm- 
Um, (of the W«w«J which risM ia a range of mountains to the north* 
west of Cha-ang Mai in X<aoj— passes within two or three days’ march of 
that capital — and after a turbulent course, apparently betwixt two of the 
inferior ranges of the great belt, disgorges itself with impetuosity on the 
plain just above the island of Ka Ka^et, in gbout 18” 20' north latitude. 
It is joined at the Ka Kayet stockade by the Y^azalen river, which flows 
from the JSopAiiN hills, lying in a. porth- west direction from hence; and 
which I believe to be the same, which 1 observed from the great Shui 
MadH temple at to bear as follows — ^the northern extreme N. N.E.— * 

southern extteme a part, south — ^and about forty miles distant. But 
the stream was. found by me to hare a bar of granite across, about eight 
or ten miles beyond the stockade^and not to be navigable to the smallest 
canoes. Hence it roils more quietly on till it disembogues itself into the 
sea at the KAyet Kkaml Pt^oda, Opposite to Martaban, it may be about 
a mile in width. 

The other rivers which swell it are the Dang Dami Kydng, which 
joins it at JfaAi Phrd Pagoda ; the Qyin,. Kydng, which falls into it at 
PhrdPyd, or the “ White Pagoda;" the Attardm, or Attiydn river, 
which enters, it nearly opposite to the town of Martaban—^a WaJir$ 
Kydng, which disembogues near the KySt Khami Pagoda— and the 
Ddng Wein Kydng, which pours itself into the GMfh of Martaban. 
These are all navigable far inland by. large boats. 



.The chief hills within the proi($nce .are.part of the .Pavai range, with 
its branches — one of which is divided by the Saadun river at Maianmn. 
It rum in low broken hills, about fifty miles north of the town of Marta- 
ban, and joins the Jen Kyit mountaips — next a short range running wcr oss 
'one of the upper branches of the AiUordna (or Attiydn^ river— -the Jen 

Kyit 



a Ugh peaked hill, fift«eh ^Milhty^milarto the west* 
wudof thet(ma->4lM to the hwthward, ahi^^te t#e in- 

■olated hills, called D^g Dimi and Majin, . 

The numerous detached and insulated rbchy hills which are scatter* 
ed over the plains, and the miby islands which stud the expanded San- 
l&n, together with the darit and towering Siamese hills in the back ground, 
Ijpoduce scenery of a very impressive kind. ' ‘ ' 

The ranges of hills in this province betray j^anite as their chief in* 
gredient. But the detached and very abrupt rocks and hills, of elevations 
of from two hundred feet to eight hundred feet; which* shoot op from the 
plain, have in so far as examined by me, been found to be invariably com* 
posed of limestone. The limestone is in various stages, from an earthy 
and gritty kind up to hard marble~and the cliffs on several of them have 
the same marked features, which the Trang and Phdnga rocks display*** 
being streaked with red, brown, and white, and^ evidently suffering a 
rapid decomposition. The plains on which these kre based, are covered 
generally by an alluvial soil— but in some places, it is dark and porbus, like 
the cotton ground of India. The Sub-stratum in the lower parts 
is commonly a stiff clay, but towards the Siamese range the soil becomes 
more friable, tinged with oxyd of iron, or mixed with debris of rooks, 
and resting on gravel in round masses. Here' on the banks and on 
the low islands ^e Khghs tribes cultivate cotton, indigo, tobacco, and 
pulses. Potter’s earth is obtained in abundance near Mwrtahan.- Of this, 
most of the utensils known by the name of jiurs, were formerly made. 

On the low range of hills, on which iffiwtoian ' stands, granite, per- 
haps, predominates. But at the town, many slaty and sandy strarii 
having an in^UnatHu of about 3ff here tinged with oxyd of iron, there 

e 2 intermixed 
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intermixed with 8ligh% oelcareous and other matters, and quartz are 
observable. At MaUmein, a hrecda is found, which has been used in the 
construction of the Pagoda there. This substance hardens so much by 
exposure, that it will last for ages, as it has here done. On the high 
grounds, which occasionally flank 'the river, the surface is tinged red by 
iron ores. . ;• 

About fifty miles by water up the Attar&m river, and within abo^ 
two miles of its eastern bank stands Seinle-ddng, one of the singular 
limestone rocks just alldded to< ' About mid-day, betwixt it and the river, 
and on a swampy plain, slightly inclined to the river, I was gratified by 
discovering a singular hot fountain (for it is of too peculiar a nature to be 
merely termed a spring.) The call it “ Ye-bA," “ hot wateri” 

The orifice is nearly a circle, .the diameter of which is about thirty feet. 
The rim is of earth, and only raised about a foot above the surface of the 
water. Not having been prepared for such an interesting object, 1 had 
not provided myself w jth a line. But the depth is, no doubt, very consi- 
derable. The water was so clear, that the green ' calcareous rocks which 
project from the sides were quite distinct at a depth of twenty feet at 
least. A strong bubbling appears near the middle. A thermometer pro- 
pended from a bamboo was dropped into the water, and after a space 
quickly withdrawn. An allowance of two degrees being made for loss of 
heat in the removal, the temperature by FAq|gzNHEiT’s thermometer was 
found to be ISG!*, which is 12” hotter than the Bath waters. 

Had any volcanic indicatiqifs been observed in the vicinity, the circu- 
lar formation of this well might have induced the belief that it had once 
been a crater. A visitor to this place ought to approach it with caution — 
since part of the water near the edge is covered with weeds, which so 
resemble the surface of the bank, that a person might wnthinkly step on 

them 
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them to his ineritable destruction. He would faint instantly from the 
heat and sink^. Although the wells on the plains were all nearly diy at the 
period when this fountain was visited,* yet it discharged twenty gallons 
on the least computation in a minute — and towards the east side. The 
leaves and branches which had fallen near were incrusted with a calca- 
reous deposit — and the bottom of the rivulet was covered with a flaky 
calcareous substance. No specimen could be obtained of the rock, as it 
lies far below the surface. But from the greenish hue, perceived in it, 
we may suppose it to partake of the nature of the specimens brought from 
Lankyen hot spring in Tavoy. 1 drank some of the water, and was not 
afterwards sensible of any peculiar efiect from it. Upon subsequently 
examining it with the obliging assistance of a Medical gentlemant at 
Martaban, it was found to be a chalybeate, and to contain lime in com- 
bination with some other earth or earths. The tests are enumerated be- 
low. This fountain lies on. the route to ' Siam, and from many , cocoanut 
trees scattered about, it is evident, that though now a jungle,^ the plain 
once supported a numerous population. Near Yl, on the sea shore, there 
is a pond to which the Surmans ascribe marvellous virtues. It is said to 
grow quite red occasionally. Probably iron ores are abundant there. 

Betwixt 


• I wag favored on tliig occaaion with the company of Lieutenant Gioroe, M. N. I., and 
Mr. Adams, of the Marine Service. 

t Mr. Brown, A. S., M. N. I. 

^ Ist. Tincture of catechu precipitates a dark brown lubstance— hence the pretence of iron 
it inferred. • 

Sd. It doet not blacken paper, dipped in a solution of lead. 

3d. No precipitate is caused by dropping into the water a solution of nitrate of silver. 

4th. When mixed with a solution of turmeric, (in equal proportions,) no sensible change of 
colour is ind^iltd. 

5th. When mixed with an equal quantity of lime water, a light, while precipitate, is formed, 
which does not effervesce with muriatic acid. 

6th. The concretion found on the leaves and common pebbles effervesces strongly with mu- 
riatic acid, indicating the presence of lime in the water. 
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» Betwixt this plsdisnd Malta/uin, on the east bank of the same riTer, 
stands the tevy majestic lime rock Phabaptamg, the base of which is 
washed by the stream. It has been perforated quite through by a rivulet. 
The limestone composing it takes a fine polish^-^and large stalactites de- 
pend from the roof of the grand arch overhead. It, like the rest of 
the rocks examined, shews no traces of organic remains. 

In rowing up the SmUAn, or main river, the first objects which at- 
tracted my attention were the KrAkia-taung rooks, being a continuation 
of the great lime formation. The river at one spot is hemmed in betwixt 
two rocks, and being thus narrowed rushes through with considerable im- 
petuosity. The rock on the north-west bank overhangs its base, the lat- 
ter being washed by the river. On a sharp, and one should suppose al- 
most inaccessible pinnacle, a small Pagoda has been built, producing a 
pleasing effect to the eye of a distant observer. 

•i 

# 

The cliff I conjectured to be two hundred and fifty feet high. On 
that front facing the river, some niches have been cut in a pyramidal 
space, and in these stand many painted and gilt alabaster images of 
Bvddha. A narrow opening leads into a magnificent cave, which has 
been dedioated to Buddha, since many large wooden and alabaster images 
of that deified mortal were found arranged in rows along the sides of it — 
the wooden images were mostly decayed, through age, and bad tumbled 
on the floor. The rock consists of a grey and hard limestone. The cave 
bears no marks of having been a work o^ art. The Buman priests, who 
inhabit a village on the opposite bank, could not afford me any infor- 
mation respecting it. No inscription was discovered on the It is 

rather a singular circumstance, that no Bali, or other inscriptions on stone 
of any antiquity, have been discovered in the Indo-Chinese countries — and 
it is the more particularly so as regards Burma, where the natives have 

(with 
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(with reference to their semi-barbarous state,) attained to a very respect- 
able degree of proficiency in sculpture. The bells of their temples have 
generally inscribed on them some pious sentences, and the name and 
titles of the person who bestowed them. 

The only inscription observed by m6, was^ that which Almgphra, or 
Alampra, caused to be engraved on a marble slab ; which stands under a 
shed at the great Shui Madu temple at Pegu. It records his valorous 
exploits and pious disposition. The alabaster, of which the Burmana 
form their images, is only procurable within the proper Ava territory. 
The Prapatha, or PraMt, is an engraving often found on granite slabs 
at temples— and is intended to represent an impression of a foot of Bud- 
dlta. They contain many emblems, most of which are obscure, and only 
to be made out by the help of a Phuugi, or priest of Buddha, The 
Martaban Phungis cov\d not inform me when Buddhism was introduc- 
ed into Martaban. But from several circumstances, it should seem, that 
the country was only settled about A. D. 1286. From an attentive ex- 
amination of such Bali MSS., as have come into my possession, I am 
quite disposed to conclude, that the Buddhist religion reached the Indo- 
Chinese nations progressively from Ceylon—nnA that the .Bah'^anguage, 
as now used amongst them, however varied the alphabets may be in 
which it is written, is identically the same with that employed by the 
Cingalese priests of Ceylon. This last approaches so very closely to the 
Pracrit, that it becomes doubtful Vhich is the elder language of the two. 

A comparison betwixt them would shew, which is the direct derivative 
fromAhe Sanscrit. 

Above the rocks described, the river fiows through a rich alluvial 
country, thinly inhabited by tribes of Khyens, or f^arians. These people 
carry on a bartering trade with the traders of Martahan. They treated 
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me moch hiMpi^iy as tlieir sit^ion admitted of. tliey are 


generally a fine race of people— 4tl;^tic, and of much fairer complexions 
than the Peguirs and Mmmnt. Their whole deportment favorably con* 
trasts with that of these Wo races. 


They live independently ; keep dogs for the chase cultivate cotton ; 
weave it into cloth, and dye it with the indigo raised by themselves and 
they an very comfortably housed. They change their ground every two 
or three years. 1 met a whole tribe in rapid progress down the river. 
They gave as a nason that the cboUra (which seems, from time immemo- 

» jlSjk ^ 

rial, to have prevailed in the jungly parts of these regions), had swept off 
so many persons^ that they had been ol^liged to abandon their village, 
and seek a new abode. Opposite the small Khj/eu village of Michm- 
tmng, which lies on an island, is a singular rocky hill ; the base of which 
is washed by the river. It may be six hundred feet high, and it has a 
bladt and scorched appearance. It is almost' bare of grass, and there 
an only a few trees on it. These gnw in the hollows and crevices. It 
might be takpn for basalt or granite at is short distance, but on a close 
inspection is found to consist of a bldck limestone, bnaking off into 
cubical fr||pents. The ascent is abrupt and difficult, and the tread of 
the feet is succeeded by a hollow sound as if the hill was but one vast 
catacomb. Several pits, having circular orifices, and of about thne feet 
in diameter, wen observed in ^e ascent. They an of considerable 
depth, for stones thrown into them were heard for about twelve seconds, 
nbounding in their descent to the bottom. On looking down these; I 
notic^ large fungusrshaped stalactitic masses hanging from the aides. 
Near the summit of the hill, the ridges of the rock an so angular and 
sharp that scarcely one of my people escaped being badly wounded in 
their feet. 


From 




Fvbm tbe top » plilling and extensive view was obUdned of&e 
surrounding county, bnd the bearings of remarkable objei^ were taken. 
On a bleak ridge, about two hundred yards from where we were, a wild 
sheep or goat was observed. This animal’s colour is nearly black, and 
the hair shaggy. Several balls were fired a| it without effect. The na< 
lives said, that this species was only occasionally be met with ; but as 
rAigr had never seen a sheep, it could not be ascertained from their ac- 
counts, whether the animal we saw was of the goat or sheep tribe. I may 
here observe generally, that the ^ild animals and birds found in the coun- 
tries we have just been gging over, are chiefly the following : elephants, 
which are very numerous ; the rhinoceros, which Bumums, and 

Sh t 

Siamse dread more than they do the elephant, owing to its savage tem- 
per ; the bison, which is found^f a very large size in Thedda, the head 
being of a fawn colour ; the wild ox, of the size of a^ large buffhlo ; and 
also a species, resembling in every respect the domestic ox ; the buffalo ; 
the royal tiger ; the leopard : bears (but very rarely seen) ; tiger-cats, 

'‘S. 

about the size of a fox ; leopard-cats, having vei^ beautiful coats, and 
being about the size of the common cat, but more slimly formed ; the fox- 
cat, with tiger stripes, and which is detractive to poultry — ^this aniihal 
lives in dens, but it climbs trees in search of prey. 

The elk and various kinds of deer, are abundant. Baboons, asses, 
sloths, dppossums, flying and other squirrels, chameleons, and other varie- 
ties of the lizsard fribu, variotis species of the tortoise, alligators, and 
guanas, are very numerous. In Tavojf, the natives keep packs of large 
4ogs, with which they ran down deer. These dogs run by sight, and 
they are regularly kennelled. The breed seems peculiar. I observed a 
dog at a rempte vUlage ia that province, equal in size to a Newfoundland 
dog. 


Wolves, 
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tFolves, or wild dogH, (for I' had no oi(({Kirtunity of jndging which), 
are found in the forests. No jackals, or common foxes, have yet been 
discovered, (uid, it is believed, that they do not exist below the latitude 
of 19* north. Many kinds of tortoises, as before observed, and river 
turtle, were seen by me. The natives, especially the Karians, train dogs 
to search for them, as they form often a chief article of their food. 

The birds are White sea eagles, white land eagles, hawks, of 
several species, vultures,' and kites. 

The peafowl here exhibits a brillialtcy of plumage, which far excels 
that of the Indian one. It is also a larger bird. There are, at the least, 
four elegant varieties of the pheasant tribe ; also, quails in abundance ; 
and several kinds of partridges, of which the^reen, with a red tuft, 
and the blue, are most conspicuous. There is, likewise, a jungle cock, 
having a rich blue and reddish plumage, and nearly twice the size of the 
common jungle fowl. He is well armed with two long spurs on each 
leg. Pelicans, and the usual tropical water- fowl, abound. A perfect 
species of duck, having a blackish back and whitish breast, and the 
weight of which is nearly double that of the common duck, is very 
common. * 

Leaving the Mlchan-t&ng, and proceeding np the SanUn river, the 
low rocks, observed on the banks, exhibitcoarse black limestone. The 
high cliffs further removed, shew the miore advanced stage of the lime 
formation. At Na ifeye/ stdckade, close to the hills, the granite again 
begins ; and here were found scattered about smooth quartz and other 
pebbles of several pounds in weight, which had been used after their 
ammunition had failed by the Barman garrison when defending themselves 
from the attacks of the Siamese /—baskets, full of these pebbles, were 

arranged 
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anna|itedi:aloag:iUie <fttliiadif inside. Sereial spscim^ .b^ regularly 
chrysUlised quartz here picked up. ;>i.y : . 

. t t 

am ' ... '.if; . i ij- .j; ... 

! Thei,“ K^ett Ni," or Kwiam,^'‘ mho inhabit the jungly and 
hilly tract, stretching fronts this place .in ',a. 'northerly direction, are of 
a very savage and ;varU|&e (disposition. They^^nso thick buffalo-hide for 
armour, and fight with spears and poisoued arrows. The climate of this 
province is temperate. At Martaban; duriag the raiiiy season,; which is 
not the coldest, thefollowing average; was taken from a series of notes.- 
on the state of the thermometer : — 

< • ..V 1 . <1 ■ . Average.Of Fahr. Xber. 

. .;,1 i.r.- ■ V' : .-7! ■ ■■ ;-.• 'Ta-m. iP.llf,,--, , . 

Fifteeen days in May, 78 . .82. , 

Twenty-five days in June 72 73 

Forty-two days, from 1st July to 14th August, 77 ' 80 

• 

The geology of Ava is little known, nor has any one of the many, 
who accompanied the troops up^ the Jrafvadi,, favored the world with a 
connected sketch of the rocks observed on its banks. That the lime 
formation will be found to extend up to Asam, there is every reason to 
believe from the accounts received, and since it is known, that carbonate 
of lime in shape of the finest marble, andalsp alabaster, in a pure state, 
are very common in the country— thus countenancing the ^position ti|ken 
up in another part^f this paper, ^tbat the .lipe formation gradually be?^ 
comes more compact and pure, as it bends to ,^e north. Dr. Hamilton 
observes, that “ at.Prtn he saw part of the chain of hills which forms the 
northern boundary of PegUt and that there, sandstone and limestone 
were observed in flags.v In ..TKaumpe, a Shan district, they have lead,, 
iron, tin — some silver it is said, and limestone. 


From 
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j'rni^tom all tint lutf'Wtkheia^atatad, it) iditold<Meinj that gtanitssfems 
the basis of all the continooas.'iangea of<hiUii on the. QoaBti( •l^ have 
described ;-^hat a bold and marked' lime formatioh rans parallel to these 
rangesi bat that thib ibsccasionalljr iiifbrra^ted, as faraa can be judged of 
h'em an examination merely of the sdii^ace'^thatscbistisof very frequent 
oecurrence,' and thatfini in shape of an oxyd^ and inrariably associated 
with the granitic hills, or fbrmhd inthsitnricinity (and supposed to extend 
up to N.' Lati 20” if hot beyond it) and iren,%i various states of combiua 
tion« are thepnac^ metals throughout this .wide thnge. 

l ihave only now, in conclusion, to express a hope that this rapid and 
very ii4]^erfect geological outline ihay, at some future period, be filled up 
by A more able hand than mine. ^ 


xaiaBitttaiaEhtstthh 
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DESCRIPTION 

dp'''THE' ’* ’ 

NORTH WEST COAL DISTRICT! 

Stretching ahng the fiiver Dfimpday./rom th^. neighb or hood 
of Jeria or Junagerh, to below' Sanampur, in the Per- 
gunnah <(f Sheargerh, /orming n line of about nxtg-fite 
wiles. 


By the late Mr. JONES, 

Of Calcutta, 

The face of this country is Mgnlarly undulated by short broken swells, 
resembling a chopping sea : the perpendicnlar height of many of the 
hills, which .!< have levelled, averages abOlt sixty feetv The soil iSiObSt 
more than six feet deep, slightly calcareous, y.nesUag nn grey 'sandstone 
that effervesces with acids, and in many places, where it is bare an 
efflorescence bf sodar may.be scraped off. . Tbs sandstone is not ihore than 
seven feet- thick on the table hills, >but genendly thicker .and coarsee. 
gyained in the Valleys. . The deal’ ahd coal- metal bassets- out in many 
{daces, but are'-delusive guides -tO) the mineiv. as the grater part of tbstn 
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of the hilM»i extend a.eonudMxMe.deptti helo«» ,fc bwimBeiiMth 

Ae pn>ti««M> bed. -Tbe «n»t»n to 

iM,^toin»ho.«eidtl>f*»i>y ex|»B.i^.^to,.be »i.^,«iid trhee^ia.. 

4ight..dC8iee. wiq'ihSit.^W-sfeidwfe^.*' “»»iiiig«teiit w«b^ 

t«ii.tioii;.it*.bw.dthQtttbbieojltftW.iMtdfeHitho dh»ctio»of ^ ^ 

inm,t».re,thN> elew> or, lt»«lw,wle...6«|n lb. river, .fltfthet tm tn 
th!rtdie.cti(»tbftjll»«!l4wg d^^ fiwitfc hooddende. qtwrtr. .«d 

P of,mi»iM:tide;i»i*»le4.*i(h'«,e^^^^ ■** 

KlfbufejHBW, ■#». «bey.,th..,^it«»en» ./.the Ztow* aod i(«™- 

o» riWiUbe «tt«>d)!nWdii:eoal »e kitt, .ndthe. riv^^ 

goeta^Bhr, .|uid. grwite.pTbe «od di,«et then tore. off. growing 
Jvrio in the direction of Balmr ; cool haerete oppent a conaidKaUe way 

beybnd. The attenddnis.oa cbal Mso ftpi>ear in the nTer. iegu- 

larly downwards onahe ,jBir6*<i»i side, without any interruption.^ except 

aklgewhyndyke that appeara seven -inilearfabove Ma^eah, running in 

the direction of BUIun^wr ., . .The ^hole o/ the district afiTords rich and 

valuableironoreof various l^nds, but no limestone has yet been disco- 
vered, except the calcareous*concretions that are found on the surface of 

the ground, and such as are in general use as a substitute for Umestone aU 
over 

ttr d!j)»c«x oteamihw IM 



r f 1. . . . , Jwlffb * fjt'll'/' ‘"tJ 

iiprefiensfjto opitag the>'w6J?ks>a|«the abcwipfe^^^ 

sinkings !d«wn to lheoday s|^bi<br,^-iiSdM in: the* vaUdys irt every 
direction within thre»'oii ftmi.nttiw. >I<fo«dthan invariably dip Bb^.Skv 
thtew the: line df hearing to tiie ibaCk Jof the: 
i considerably 


c<a»M«rab1y inkad. ’^exe being little chaiW0iof finding cdftl long on the 
line of dip within rea(^»<and it lom bassets or crops out on the line of 
rise), I thought it |i|^^to begin at this place, as I never saw the coal 
dip'^any other wray, di^tt with the regular strata that cover it. The Raj- 
mahal hills are composedof- mountain whin or basalt of an amazing thick- 
ness ; at one place at Moti Jhama, section or slip may be seen of 
sixty or seventy feet in height, and quite perpendicular : these hills rest 
on red-streaked ferruginous sandstone, of a very bard nature, such as is 
often the floor of coal, but I believe rery seldom the roof— this circum- 
stance favored my opinion, that the line of bearing crossed BirhMm in 
that direction, and on the Ist 'December 18|'S, 1 began the first shaft. 
Having made my arrangements with the workmen, the’ sinkiH^ went 
on regularly, but I was much astonished to find as 1 went down, that 
the strata gradually wheeled frOm E. by S. towards the N. 'W. and 
when the coal was found in shaft No. 1, it dipped N. W. which con- 
tinued regular in every season and-' bed downwards, the dip of the 
upper strata forming a spinal line on the side of the shaft. The 
rainy monsoon having now commenced, and the workmen not attending 
regularly, 1 began sinkfng the shaft No. S, and cutting platforms round*' 
both shafts to the level' of high water in the river, with open adits to 
make the approach easy. When the coal was 'found in No. 9, it' was 
within two inches of the same level as No. 1, and dipping due south, 1 
thought this might be caused by a sudden'|i||rje'or ridge in the strata, or 
I might be working on the edge of a ve^p^Cipall basin — ^this cheated 
much perplexity. I again' tried the country round witil'the foriner result, 
and was then'in hopes, that.|;;had got on the pivot or point where the 
strata wheeled, which would tlftow the line of bearing towards Katwa. To 
get more information, 1 opened thd shaft No. si, and although this was 
four hundred and eighty feei>firom No. 3, on the line of dip, coal ww 
found in the same level, dipping N. N. W., which gives, in the three 

T 2 shafts 



.Ktfii. a diffettaa* rf lead «f oirfy two uiil.a*rHUid a liae of dip aad 
tf boariog ia each diferont. batthe ottataiflo aagie. E«iy appoanmce 
indicated.lowet bedo of coal, thaa any yet oat tbM, aad I coatiaaad 
OidtiagiaobaftNa. 1, ia hopea of liadiag the maia, with 

aifflcalty iakeopiagtb. water aade^ ^roa.aot beiag abie to k«p the 

mea at work by aigbt oa aeeoaaf of the beara aad tigora. aatd 1 fo^ 
«o.laat atoao baak aaddaily ehaago ita doeUaatioa froai half a. lack to 
%efoot, toakaagleof «•. Thia great dip weald raako it appear a 
priiaary fonaatiga, althoagh. I aat iaeiiaod to thiak. it ia merely, what la 
termed amongst miners, a trouble, occasioned by the wheeling o t e 
atntto v I. therefore, did ito^aiak farther, aa the eod i. alwaya foaled by 
these ^urrences. I am now preparing to work the nine feet bed, from 
the sixinch band, that corers the nine inch seam of coal, up to about six 

feet with an arched roof, leaving three feet of coal above the arch, the 

three inches of clay slate that intervene will prevent the water of the 
eight feet bed from dripping dowiib« and the feeders, of the seam or bed 
ilgirork, wiU descend below the springing of the arch, and leave the roof 
tXrablydry. When the mine has been worked in this manner to a 
certain extent, the nine inch seam and three feet bed, can be readily 
wrought, leaving the six inches and two inches bands on the floor, aS 
waste or dead ; but if the mine is continued in work for any length of 
time, it would be prudent to carry the waste up, and leave the floor cteam 
The coal of all these threp is of an excellent quality ; itsdeanUness 
renders it peculiarly adfiPTfor cuUnary purposes ;~it resembles the 
SmUrlomd coal is^very respect, but leaves more cinders and ashes. 


Mcomt of the Strdik met with U( ii»hing the CoUierjf at 

RMga^* DeeeMer^ liBlfib ft* »»• 

Yellowish day, mixed, in some places, with soft black concrete 

, pebbles, ... ® ' 

Grey 









fi, t 


• •if • 


Grey sandstoM, sliglMJy calcapMOus 

Yellow soft^jclay sla^^;|/|, 

Clay slate, rather simdy, with a mixture of. mineral charcoal 

Very hard, bluish, streaked,- and gritty slate, .... 

Tesselated band of grey basalt, dipping to theS. E. two inches to 
the foot, . . .... .... .••»».. .... «... 

Coarse grained, very hard and gritty slate, bluish grey colour, . . 
Very hard. stoneband, grey tessalated basalt, dipping. S. £. one 
inch to the foot, .... * . . ■ .... 

Very hard, bluish, streaked slate, as before, . 

Blackish clay slate, with faint impressions of vegetables, 
small bits of pure coal in many parts. 

Black clay slate, without impressions of vegetables. 

Black soft muddy clay, .... 

Coal No. 1, slaty and dirty, . . . / 

Clay slate, .... ...» 

Coal No. 2, better than No. I, . . .. . .... 

Coal metal, or hard shale, ..... .... .... 

Coal No. 3, pretty good .... .... 

Coal metal, or hard blftck shale, .... . 

Coal No. 4, pretty good, .... .... ...** 

Coal metal, or shale-, 

Coal Nn. 6, very good, 


...... 


m 


Argillaceous stone band witli impressions of flowdirs,.' 
Coal No. 6, better than any the above, 


Argillaceowi stone, with impulsions. of flowers. 
Goal No. 7, better than the last 
Black hard shale, .... .v... . >>..• >••• 

Sandstcme band,.... ..... >.'•> 


...« 


* 

ft. in. 
6 0 
3 0 
1 0 
7 0 

1 2 
3 6 

1 10 

7 0 

6. 8 
2 9 

0 4 

1 3 

0 4 
0 2 

1 3 
0 7 

8 0 
0 3 
9 

Q 6 
0 9 
0 2 
8 0 

2 I 
0 S 
Hard 




. , ^ t; Ifcin. 

’f'-' ' >|K 

^ard black shale, with impressions of Tegetables^:; .... .... 13 

Coal No,^ 8, bad, and full of gold coloured pyrite^,^ ^ * 

Tessalated claystone, with impressions of vegetabll^ .... 2 4 

Grey .sandstone band, .... ••• .•. • • • • 0 2 

Shale, with impressions of vegetables, 0 5 

Grey sandstone band, .... ‘ ‘ • ^ ^ 

Shale, with impressions of vegetables, 0 3 

Grey sandstone, .... .... . w . . . . .... 2 0 

Conglomerate bank of sandstone, clay slate, and other matter mix- 
ed in a confuse and mottled manner, .... 3 7 

Bank jf hard, sharp, gritty, greystone, with cutters, and the 
dip declining more than in any of the top strata, 3 6 

Total, feet 88 2 

(« 

^^ospeet of occnrttMM, and opinions formed thereon, while tearehing for 

Coal in Bengal. 

The N. W. coal district exhibits a considerable degree of confusion, 
increasing as you proceed upwards, and is admirably adapted for the use 
of an indolent race of people, as coal, sufficiently good for common pur- 
poses, is within the reach of;eyery body. Knowing that dislocation of 
strata, always occasions^mjMal to be foul and dirty, 1 opened the works 
in a situation whs|p.l expected to be most tree from it, but the plan of 
the works will shew, that I wtuf not quit^^ccessful, althongh I have 
ascertained a most valuable point ; viz. the Wheeling of the strata in the 
most desirable direction that could be w^hedj crossing the great line of 
navigation somewhere about Katwa, where I have not the least reason to 
doubt, that coal will be found, and the advantages that will result, must 

be 




be abfindant. Taking into con*idei»tion the vaWous o<Jcdrrences in the 
N. W. andN. E. quarters of Bengal, I am induced to think that' the 
coal formation of both countries joins under the delta of Bengal, and that 
the alluTial deposit is of no great thickness; the dip of all the coal 
seams on the £. frontier, fetors this opinion, and it is not improbable 
tfaSt this great line of coal enters China. From the Gurrow hills into 
Caehar, 1 am satisfied of its continuation, as I discovered coal and its 
attendants the whole way, and found a piece of coal imbedded in a slatC 
rock in Cathar. The best informed people of Manipur, assured me 
of their having traced it into the Burma country, but they do not use it 
in Manipur for any purpose ; it is called by them, “ amihalang." I 
am inclined to think, this coal district marks the easiest and best road in- 
to China. The Surma river is navigable for small boats into Manipur, 
but the people on this frontier are averse to travellers proceeding into 
their country, and when they have power, resist it. 


One of the principal advantages which I anticipate from the intro- 
duction of a cheap and plentiful supply of coals into Calcutta, is the 
being able to burn lime with it, at a moderate expense. At Sylhet, the 
whole of the lime is burned with wood-^an article that has of late become 
both scarce and dear, so that they are now obliged to depend on a foreign 
country, Caehar, for their fuel ; and for which, large sums are -annually 
sent out of our country. But in the event of the limestone being brought 
to Calcutta, and then burned with^oal — that article could be had fresh and 
much superior to the lime as now brought, which has C^isen burnt’ at least, 
perhaps, a year before. Besides the saving in quality, from the freshness 
of the lime — the deterioratiofi sustained by the lime getting wet in cross- 
ing the great rivers, aad the boats taking in salt-water in the Sunder- 
htm, will be obviated, and the expense of carriage would be less, from 
the boats requiring do roof, and from the insurance being less — the 

0 2** goods 
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goodf being of little valne, and subject to no detriment from being 
wet. 

The Shergerh district abounds in iron ores ; and I find that immense 
quantities can be procured there at very little expense, and from the ex* 
periment I have made, I have no doubt, but extensive forges might be 
^lyrought in that district advantageously. Of other ores — there is lead in 
the neighbourhood of Lakshmipur, in the Bhagalpur zillah, and I have 
reason to suppose, copper may be found* in Dholbhhn, near Rajwdha, 
in a stream called Qwu Nadi, that empties itself into the Subanrekha. 



IX. 


EXAMINATION AND ANALYSIS 

OF SOME 

SPECIMENS OF IRON ORE, 

FROM BURDWAN. 


Bt H. PIDDINGTON, Esq. 


In the following Analysis of Iron Ores from Burdwan, much care has 
been taken to ascertain correctly the presence and quantity of Phosphate 
of Iron and Manganese,* which two substances principally affect the 
qualities of the Iron Avhen smelted ; the process was conducted in the 
humid way, and the separation of the Mangane^ was obtained by Mr. 
Faraday’s method— digestion of the Oxides in a solution of -muriate of 
Ammonia with sugar. 

No. 1. 4 

BETWEEN JAMDE AND SUKHRAJ. 

Sp. Gb. 3143. 

acquires a metollic tarnish and a shaggy, porous appear* 
#nce, becomes ma^etic s with borax or charcoal, fuses into a dark and 

dirty 


• Oxidtof.MangansN.. 



jyj sPECiMfi^S^biP 1 to onE. 

dirty green glass. The blue lamin« bum with the scintillation peculiar 
to irqp, become porous, and have a metallic tarnish ; they appear to be 

a deut-oxide of iron. 


When calcined, the pulverised ore, which is of a yellow brown, chang- 
es to a deep choeoUte ted ; ptoboMy ftom the pritaUcn of the oatbomc 

acid. 

CONSTITUENTS. 


Water and Carbonic Acid» • • • • 
SiUx, ...a ^ 

Ainminet .••• •••• 

Carbonate of Lime, • . • • 

Deut*oxide of Iron, 

Oxide Manganese, 


8 50 
4 00 

4 t5 

5 15 . 

76 00—55 Iron. 
1 55 


99 95 


NOTE. 

This ipecimen probably contain, from 59 to 60 per Cent, of Iron, for the portion analysed 
found, by digestion in nitric acid, to acquire 8 per Cent, in weight, probably from the peroxidation 

of tbe bluo laminis^ 


No. 2. 

NO LABEL WITH THIS SPECIMEN. 


Sp. Gb. 3081. 

becomes magnetic with a metallic tarnish, fuses with 
borax into a clear bottle-green glass. 


CONSTITUENTS. 

f 

Water, •e#* .•••• . ••• 

Silex, . 

Alumine/ ••• 

Lime, with a trace Mage • # # • • • • 

Oxide Manganese, # • • • • • • 

Peroxidt Iron, 


5 75 
8 20 
• 40 
1 00 
4 00 

85 96^96/0 Iron. 
9^ 64 


NOTE. 

I rate this specimen to scely red Iren Oe^ •* Ire« Ft** of Jemeson, Vol. HI. p. 809. 
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No? a. 

KO LABEL WITH THIS SPECIMEN. 

Sp. Or. 3400 

Blowpipe— becomes magnetic, and fuses with borax into a very dark 
and somewhat dirty green glass. 


CONSTITUENTS. 


W atar, 00.0 oa.o • » » » •• 

oeeo 

25 

SileXy aooo .••• oio# •• 

0... 8 

50 

Alumine, 

.... 0 

50 

Lime Phosphate Iron, . , , , 

. . . . Traces. 

Oxide Manganese, . « * , 

so*. 0 

0 

Peroxide Iron, . , . . . , , * , , 

0 b 0 • 80 

50-^9 


99 



NOTE. 

Ochrj-red Iron Ore, or red Ochre of Jameson, Vol. III. p. 210. (?) 


No. 4. 

MAL CHAITI. 

Sp. Gr. 3141. 

JSfotppipc— becomes magnetic, and acquires the metallic tarnish: 
with borax on charcoal, fuses into a pitchy slag. 


CONSTITUENTS. 

Wfttcri •••• •••« •••• •• 

Silcxy •••• «••• «• 

•• «•«« •••• •• 

Carbonate of Lime, 

Oxide of Manganese (red) . • , • . , 

Peroxide of Iron, 


6 0 
4 50 
1 75 ^ 

3 35 
16 00* 

68 00««47 5 Iron. 


69 60 


NOTE. 

The large proportion of Manganese in this specimen is remarkable, but the process «!f fd fw 
obtaining it leares no doubt as to its identity, for the solution of muriate of Ammonia trill not die. 
solve oxide of Iron. It may be found useful to mix with other ores, whicb may thua afford better 
Steel than they otherwise would. See Jameson, Vol. 111. p. 232. 

w 2 
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PAOLTA KANOWA. 

Sp. Gb. 3587. 

Scintillates, becomes magnetic, and acquires the metallic 
lus'tre ; with borax on charcoal, fuses with slight ebullition into a very 


opaque green glass. 

Water, 

CONSTTfUENTS. 

7 

0 

Silex, .... 


7 

90 

Alumine, •* 


0 

60 

Lime, 


0 

00 

Phosphate, 


Trace. 

Manganese, 


10 

25 

Peroxide Iron, 


74 

09 — 51 5 Iron. 



99 

75 


No. 6. 

NO LABEL WITH THIS SPECIMEN. 

Sp. Gr. 2857. 

Blowpipe— hecomes magnetic, and externally of a metallic lustre; 
with borax on charcoal, a dark enamel. 

The pulverised ore, like No. I, is of a pale yellow brown, changing to 
a deep chocolate red in calcination. 

CONSTITUENTS. 


Water and Carbonic Add, 9 50 

Silcx, •••• •••• •••• •#•••• 27 50 

Alumine, .. 1 50 

^ Oxide Manganese, •• , , . . ^ • . . . . . 9 00 

Deut-oxide Iron, •• •••• •••••• 51 00—97 Iron. 


98 50 


NOTE. 

Like No. 1, this specimen acquires nreight (about per Cent.) by digestion in N. Acid : it is 
certainly too poor an ore to be smelted, unless under very favourable circumstances, but trials might 
be made of its effect on the qualities of iron produced from mixtures of it with other ores ; there 
seems to be ground for supposing tlat Silica someti^ combines with Iron in the metallic state. 
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No. 7. 

DE8ER GERH. 


Sp. Gb. tm6: 

Blowpipe — ^becomes magnetic, and assumes the metallic tarnish; 
with borax on charcoal, a dark coloured enamel studded with bright gold 
spots, resembling avanturine : the fragments translucent and of a bright 
golden green. 

CONSTITUENia 


A^&tcr, ■••• •••• •••• •• 

6 

0 

Silcx, •••• •••• •••• •• 

• • • S 

75 

Lime, •••« •••• •• 

... 0 

50 

^luminc, •• •••• •••• •• 

... 0 

50 

Phosphate Iron, • 

... 0 

90 

Oxide Manganese, 

... 1 

50 

Peroxide Iron, • • . • • . . • 

... 86 

00. 


99 15 


NOTE. 

The very beautiful appearance produced by the blowpipe, may probably be owing to the 
converiion of Pliosphatc of Iron into Pliosphuret of Iron, by the combuation of the charcoal aupport. 


The process used in the foregoing analysis differs from those indicat- 
ed by the books ; I have therefore subjoined a memorandum of it for the 
satisfaction of the scientific chemist. 

1. — ^Weigh the pulverised ore at the temperature of the atmosphere, 
and calcine at a low red heat, tl^e loss indicates the water, and if there is 
change of colour (from yellow to deep red brown) probably of carbonic 
acid. 

2. — For 100 grains of the ore take 1 ^ oz. muriatic acid, boil it gently 
over a lamp in a covered vessel for twenty minutes, add four ounces of 
water, and boil again for a few minutes; this dissolves every thing 

except 
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except the silica, alumina,* phosphuret of iron (if any exists), sulphate and 
phosphate of lime : filter and wash the residuum perfectly, and calcine it ; 
its weight is that of the silica and alumina—it may be tested for phos- 
phate and sulphate of lime, if necessary. 

3. — To separate the alumina, boil on the residuum sulphuric acid, di- 
luted with thrice its weight of wateri^ this will dissolve the whole of it, 
and leave the silex untouched. 

I 

4. — Evaporate the muriatic solution at a gentle heat ; when nearly 
dry, pour upon it about half a pint of well boiled distilled water, transfer 
the whole to a jar or flask, and keep it closely stopped for twenty-four 
hours : if any precipitate forms, it is phosphate of iron, which may be 
separated as usual. 

5 . — ^Drop sulphuric acid into the solution, the lime, if any, will pre- 
cipitate as a sulphate ; separate it and calcine at a low red heat, and by 
the scale of equivalents, the quantity of carbonate of lime may be known. - 

0. .-Precipitate the solution by one of caustic soda; filter, wash, 
calcine, and weigh the residuum, which consists of the mingled oxides of 
iron and manganese. 

7— Digest these in nitric acid, with a gentle heat, allow it to re- 
main exposed to the air till nearly dry, cdlcine again at a red heat, stir- 
ring it often, and weigh it ; if any increase of weight has taken place, 
oxygen has been absorbed, and this must be allowed for in the results. 


8.~To 


* None could be detected in repeeted triali. 




8:1— To sepatftto the oxides of mftbganese' and iron, boil them in 
solution of muriate of ammonia,’ adth a' little sugar, the whole of the man- 
ganese will be dissolved, and the iron left, (it has been ascertained by 
independent experiment, that no oxide of iron is taken up, and prussiate 
of potass will satisfy the- chemist that it is manganese) : precipitate the* 
manganese by water of ammonia cautiously added, and filter; if the liquid . 
has any colour, a portion of the oxide has been re-dissolved by the excess 
of ammonia, and will precipitate on allowing it to evaporate; when the 
liquor is perfectly limpid, the whole has been obtained^ and may be col- 
lected as usual:— This is 3 (r. Faraday’s proceim for their separation. 


X S 


X. 



X. 


ON A 

NEW SPECIES OF BUCEROS. 

By Mb. HODGSON. 


Obdeb Inseasores. Tribe Conirostres. Family Buceridee. Genns Buceros. 
Species New; Buceros Nip^lensis: Dhan6sa, Ind. 

This remarkable and very large species, which I have the advantage 
of contemplating at leisure in a live specimen, measures from the point 
of one wing to that of the other, four feet five inches; and from the tip 
of the beak to the extremity of the tail, three feet six inches, whereof 
the beakJs eight inches, and the tail, one foot five inches. Its body, in 
size, exceeds that of the largest raven, ‘and is lank and uncompact, having 
a rather long and very flexible neck, slightly ruffed, a bill and tail of ex- 
treme length, high-shouldered powerful wings, and short strong legs. 
The colour may, in general terms, be said to be black, with a white-point- 
ed tail, and white patch on the wings: the figure, upon the whole, and in 
the bird’s most accustomed attitudes, clumsy and heavy. 


Let 



NEW SPECIES OF fiUCEROS. 

Let me now attempt a more particular deimription; beginning with 
the specific dimensions, which are as follows ; 

Feet. Incli. 


Wing to wing, 4 6 

Beak to tail 3 6 

Tail 1 5 

Bill, length of, ..1 0 8 

Ditto, depth or height of, 0 S| 

Leg), 0 10 

Whereof, thighs to the knee, 0 5 

Tarsi, to hall of fuipt, *0 2-^ 

Central toe and claw, 0 8} 


The skinned carcase measures, from first to last joint of neck, eight 
inches: from last joint of neck to end of rump, nine inches. 

The bill, which is large even for this genus, is nearly straight from 
the gape to the tip, but still having, upon the whole, a slight incurvation, 
which is most sensible along the ridge of the upper mandible, and es- 
pecially towards the base of it where the arch is conspicuous, but without 
any abruptness. The substance of t^e bill is perfectly hard and appa- 
rently solid, not “ cellular,” or “ hollow,”* unless in a manner traceable 
only by dissection, which I do not pretend to affirm or deny. The lateral 
compression is great, so great as to render the edges above and below 
somewhat sharp, to destroy almost the convexity of the sides, and to leave 
hardly any breadth to the bill, eiccept at the base, where it is a little 
thickened, but still much less broad than high. The upper mandible is 
strengthened by six large prominent ribs, running obliqdely down nearly 

the 


* The worda thus indiceted M qaeutions, refer to the geoeric ebiricter. 
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the vbele breadth of it, ^nd extending lengthwise from the base beyond 
the centre. These ribs present their proininenee edgewise to the surface 
of the bill, giving it there an undulatory form : elsewhere, the surface is 
perfectly smooth. The inner margins of the bill are, by nature, united and 
entire, but with their edges cut out, and interlocked towards the base; 
and so they continue to be in the oldest birds. Towards the tip, the inner 
margins are, in old birds, much and irregularly broken, and separated 
by hard use ; and the ridge also is broken by similar means. 

That the innir margins of ' the bill are not naturally “ serrated" in 
this species, at least, 1 am enabled confidently to say, from having a well- 
grown young bird, with a perfect bill before me. 

The upper mandible of this species is not furnished with an accesso- 
ry member, in this respect agreeing with the Senegal Gingala and crimson 
Hornbills. Both mandibles are nearly equal, and tend to a point, which 
is obtuse, especially in old birds. 

The base of the culmen, as far down on dither side as the nostrils, is 
feathered : the remainder of the base of the bill entirely naked. 

/ 

The tongtte is very small, triangular and flat. The nostrils are small, 
rounded, basal, placed high on the sides of the bill, and covered with re- 
cumbent feathers. ‘ • 

The rtgion of the eyes ismaked, except over the brows, as far forward 
as the nostrils, where the skin is feathered. The eye lashes are strong, 
flattish, and tend outwards, with their tips incurved. The legs are short, 
very stout, and unfit for walking : the tarsi very short ; in front, a little 
feathered at top, elsewhere shielded by a succession of single, strong, 

transverse 
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transverse scales: the toes disposed three before and one behind, of 
moderate length, dilated, flat, strong, scaly, very imperfectly separated ; 
the anterior outer toe being united to the central one, beyond the second 
joint, and the anterior inner toe, beyond the first joint. This imperfect 
fissure of the toes, joined to their extreme flatness beneath, gives to the 
soles of the feet a singular character : and the legs are so placed in the 
body, that the bird, in perching, grasps somewhat obliquely : claws, arch- 
ed, compressed, truncated. 

The tail is greatly elongated ; cunei form ; erigible ; consisting of 
ten unequal feathers. The wings are high-shouldered; powerful; of 
moderate length ; inclining to round ; the first and second quills not being 
so long as those that follow, and these again, not much longer than the 
succeeding ones. The naked skin round the eyes and base of the bill is of 
velvety softness, and runs connectedly from the eyes to the edges of the bill 
next the throat; and where it terminates below, or at the junction of the 
lower mandible and of the throat, is a large angular space void of horn, 
from the edges of which depends a bag, as large as a domestic fowl’s egg, 
of smooth naked skin. This bag the bird fills and empties at will ; but 
never changes its colour, as the Abyssinian Hernbill (which is also pro- 
vided with a similar appendage) is said to do. 

The feathers of the head, neck, and body beneath, are of a remarkable 
texture and substance. These plumes (if plumes they can be called) are 
someM’hat elongated, and have long discomposed webs, and both shafts 
and webs arc of a wiry or hairy substance. Those of the head and neck, 
which are rather longer than the rest, form a sort of pendant ruff, that is 
capable of partial erection at the bird’s pleasure. This ruff has the ad- 
vantageous effect of taking off from the monstrous disproportion between 

Y 2 the 
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tiie 6uge bill and cotnpbratively stnali head ahd necK : but, on the other 
hand, ita erection— from the scanty set, and separated web, of the fea- 
thers— exposes the coarsemasty skin of the neck. The rump is, I think, 
considerably more hardened and flatt^ed beneath than that of other 
birds ; and the reason of this peculiarity; and of the shortened tarsi, would 
seem to be to allow the bird to rest its weight upon the rump and tarsi : 
for the vast size of the bill probably disturbs the equilibrium, and will not 
permit this bird to perch at ease, as other birds do, with legs straightened 
and resting on the feet. 

The colour of the pliilnage has already been stated in a summary 
way. It is fitting, however, to be more particular bn that head. The 
discomposed wiry feathers of the head, neck, and body beneath, ore per- 
fect black : the remainder of the plumage, or that of the entire back, 
wings and tail (with the exceptions to be immediately noted,) also black, 

a 

but reflecting, with the aid of a strong light, a deep blue gloss, and some- 
times, but seldomer, a deep green one. The third, fourth, fifth, sixth and 
seventh quills of the wings, for about three inches from their points up- 
wards, are pure white; and so, likewise, is the terminal third and more 
of the tail. The nak<^ sMn round the eyes and base of the bill is of a 
rich light blue: the bag depending from the throat, bright scarlet. 
Of the eyes, the irides are red, the pupils black. The bill is white, with 
a greenish yellow tinge, and the ribs of the upper mandible black. The 
feet are dark brown, approaching to black. The figure of the bird is in- 
finitely various in various attitudes. The familiar posture is a squat, 
with the neck feathers ruffled out, the neck retracted within the high 
Sheiddeii of the wings, and the tail frequently erected like a magpie’s, 
at othet timbs dropped; and in this attitude the bird has a very stupid 
and clumsy appearance. When it raises itself on its feet, puts its neck 

partially 



m 
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H,- 

Partially forth, closea its necfc-pliua«s» outline of 

tho body is long, narrow, and not nnpleasiog.. But to see this bird to 
advantage, mark him when dressing bis plumajge with the fine shouldem 
of the wings projected, the strong, nervous legs eicposed to view, and the 
fiexible neck esrtended end arghed backwards. His figure has then some 
of the graces, and even, terrors of the nobler birds of prey. Its disposi* 
tion is placid and tranquil,; but it is not therefore deficient in spirit, and 
when a captive and caged, though it bates, it fears not the approach of 
dogs, and to man’s approach is quite indifferent. It is easily tamed, both 
from its confidence and quiet habits. Its habits are sedentary : it dis- 
likes strong ligjl^ and beat— and tenants the deep woods, covering the 
^ jll a which overhang the great Saul forest. Its more peculiar haunts are 
the largest trees, especially such as are decaying, the trunks of which 
it perforates from the side, making its abode within upon the solid wood, 
and having its mansion further secreted, by an ingeniously contrived 
door: so that it is difficultly found, and mote difficultly taken. That 
which is now before me was extracted from the tree by cutting down to 
its nest with axes. I am told it pairs, and is not gregarious. It cannot 
walk, but advances on foot forwards and sideways, by hops, like a crow, or 
magpie. Its flight is horizontal and heavy, with neck retracted and tail 
dropped. The voice of the mature bird is usually a short, hoarse croak ; 
but when angry, or alanned> it utters a cry not unlike a dog s bark. If 
left alone, it seldom speaks, but when once excited to utterance, is most 
pertinaciously noisy. * 

To ascertain the habits, in respect to food, of a very rare and shy 
bird, is extremely difficult. After much enquiry, I gat^r ,that this s]^- 
cies of Buceros feeds chiefly upon fruitST— but, when ufj^ by hunger, 
does not refrain ftom various kinds of replies.; judging by the struc- 
ture 
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tttl^ of its bill, legs, and claws, (the bill is far less formidable tbaa 
it seems to be, and the claws are very obtuse), otfe should conclude 
that it is not raptorial, .even in the meanest sense : and ite perfect 
freedom from all offensive odour, as well as the excellency of its flesh, 
(which is much esteemed by the mountaineers for the table) seem 
to go far towards proving, that it is almost exclusively frugivorous. Ne- 
vertheless, it cannot be denied that, in the tame state, this species will 
eat meat (either raw or dressed) with as much apparent relish as fruit : 
and its natural habits, in regard to food, must, therefore, for the present, 
remain doubtful. That which I am describing, is fed principally with 
boiled rice, mixed with ghee, and made up into large ii|[dls. Water it 
never touches. The throat is very wide, and4he swallowing powers pro- 
digious. Whatever is oflered to the bird as food, is gulped entire, after 
being rubbed, more or less, according to the exigency, between the huge 
mandibles of the bill : and if not capable of being thus disposed of, it 
is rejected. As g. consequence of this mode of feeding, the bird is apt 
to be incommoded by its food, after it has reached the upper stomach ; 
in which case the substance swallowed, is immediately and easily re- 
gorged into the bill, rubbed a little more, and swallowed again. 

Its odious voice, awkward gait, frequently erected tail, and sombre- 
pied plumage, proclaim its relationship to the Corvidae of the Slirps 
Corvina : whilst its superior size, huge bill, gressorial feet, and tiny, 
triangular flat tongue, are family features* that cannot be mistaken. 

M. le Vaillant complains of the unn^essary multiplication of species 
in this ge^tis.. Yet I venture to anticipate, that the bird now described, 
will be allbwhdto be ft, new species. I am not sure whether it be male or 
female : nor can I satisfactorily learn, if the sexes are distinguished by 

any 
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any diveraity of appearance. But ao far as my informants can be trusted, 
it may be presumed that the bird, above described, is a male, and that 
the female bears a general resemblance to the young bird ; which I now 
proceed to describe. * 

4 ’ 

With the parent bird, a young one was likewise taken. When 
brought to the Residency, in the beginning of August last, it answered 
to the following description, and was then tolerably well-grown, and 
well-fledged. Wi(y feathers of the head, neck, and body beneath, dingy 
red : tail entirely white, save at either extremity, where there was a 
margin of black : iris of the eye, greenish white : bill unribbed on the 
upper mandible, and with the green tinge stronger' than in the old bird’s 
bill : inner edges of the bill quite smooth and united : naked skin round 
the eyes and base of the bill and bag beneath the chin, wanting the fine 
colours of maturity : voice like the clucking of a brood-hen, falling now 
and then into the shriller, but homophonous note of the guinea-fowl : in 
other respects, like the mature bird. Now, in the middle of November, 
the changes noted below, have taken place : the bill less green, and more 
like the mature bird’s ; the first rib of the upper mandible developed : the 
naked skin at’the base of the bill and the bag beneath the chin, taking 
rapidly the fine hues of maturity : the basal third and more of the tail, 
black ; and the tip no longer black; the dingy red of the body beneath, 
darkened a good deal on the thighs and vent : the voice hoarser and like 
the mature bird’s: the inner margins of the bill, still perfectly entire. 

The above particulars, how tedious soever, are yet worthy of record 
in regard to a new and very rare species of bird. The old bird has re- 
cently died : and the young one will, probably, not long survive him. 
Should it do so, we shall, perhaps, be thus enabled to settle the question 

z 2 of 



new SMOIBS OE BUCEROS. ’ ' 

loD 

of mh mi fenale. mi. at aU aaaata. «iay aote tto ckangea whiA th. 
speciea undatgoea is tha progreaa to maturity. 

It is proper for me to eondnde ufith remarking, that haaingnoei- 

ttnaive or m^ienlifie knowledge of Ornithology. I have been obliged to 
rely for the materiaU of the above de«ription upon untutored eyee and 
ears, sedulously employed and assisted by careful reference to Shaw’s 

Zoology. 


XI. 
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ON SOME 

PETRIFIED SHELLS, 

FOUND IN THE 

GAWILGERH RANGE OF HILLS. 

IN APRIL, 1823. 

By THE LATE H. W. VOYSEY, Esq. 

Assistant Surgeon His MajeUjfs 6tth Foot, 

This remarkable range of hills is called, by Arrowsmith, in his last Map, 
the Bindeh, or BindachuU (Vindhya or Vindhy&chaUt) hills. The same name 
is, however, given to a lofty range of hills on the left bank of the Godaveri, 
as it passes through Gondwatta, and also to those near Gualior. I shall, 
therefore, distinguish them by the name of the Gawilgerh range, particularly 
as, after repeated enquiries, I have never been able to discover that they 
were so designated either by the inhabitants of those hills or of the neigh- 
bouring plains. They take their rise at the confluence of the P&rna and 
Tapli rivers, and running nearly E. and by N. terminate at a short dis- 
tance beyond the sources of the Tapti and Warda. To the southward, 
they are bounded by the valley of Berar, and to the north, by the course 
of the Tapti. The length of the range is about one hundred and sixty 
English miles, and average breadth, from twenty to twenty-five miles. 

On 
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On the southward side they rise abruptly from the extensive plain 
of Berar, the average height of which is one thousand feet above the level 
of the sea. and tower above it ^ the height of two and three thousand 
feet. The descent to the bed of the Tapti is equally rapid, although the 
northern is less elevated than the southern side of the range. The outline 
of the land is generally flat, but much broken by ravines and by groupes 
of flattened summits, and isolated conoidal fmstra. The summits and 
the flat land are generally remarkably destitute of trees, but thickly 
covered by long grass. In the ravines and passes of the mountains, the 
forest is very thick, and, in many places, almost impervious. The inhabi- 
tants ar^J^principally Goands, whose language, manners, and customs differ 
remarkably from those of the Hindus. At present, their chief occupation 
is hunting and cultivating small patches of land, which produce a coarse 
rice and millet. In former years, the cultivation must have been 
very extensive, since there are the ruins of numerous hill-forts and 
villages, which derived their chief subsistence from the surrounding 

lands. 

Many opportunities are afforded of studying the nature of this 
mountainous range in the numerous ravines, torrents, and precipitous 

descents, which abound in every part. A Wernerian would not hesitate 

in pronouncing them to be of the “ newest floetz-trap formation,” a 
Huttonian would call them overlying rocks, and a modern Geologist would 
pronounce, that they owed their origin to sub-manne volcanoes. 

I shall not give them any other name, than the general one of trap- 
rocks; but proceed to describe them, and state with diffidence the 
inferences which. I think, obviously present themselves on an attentive 

study of their phenomena. 



- m. is ,fomed of compact' 

basalt, very tonth redbtablilt^ that of the Oihttt’s Causeway. It is found 
columnat in mhny placttt, nnd iafClawitgieriiri^* it appears stratified'— >the 
MUnmits^f seVerai ravines printing a continued stratum of many thou- 
sand yards in length. ’ 


2dly.- -iflEho basalt fthiqUbHtly and suddenly changes into a wacken, of 
all degrees of indnratioU, and, I may say^ of ;^yery variety of composition 
usually found ampng trap-rock ; 


• f- 


■Sdly. Into' a rock which may be named indifferently, nodular-wacken 
o( nodular-basaltj composed of nuclei of basalt, usually of great spe- 
cific gravity, surrounded by concentric layers of a loose earthy, massi 
resembling wacken, but without cohesion, which, on a superficial vie#, 
conveys to the mind the idea of a fluid mass of earth, having, in 
its descent from some higher spot, inv^ved in its course all the 
rounded masses it encountered, and, subsequently, become consolidated 
by drying. A very slight inspection is sufficient to detect the true 
cause of this'iqkpearancU, which is owing to the facilities of decomposi- 
tion of the outer crust, depending do difference of structure and compo- 
sition. :In none of the conglomerates, or puddipg' stones, do we observe 
any traces of this structure, and as it is c<£amon to the most crystalline 
green-stone, porj^yritic green-stone, and those rocks usually denomi- 
nated syenite, there can be little doubt that it is owing to the developemeht 
of a peculiar concretionary structure by decomposition. In a small ravine, 
near the village of Sibttindai two thousand feet above' the sea, I saw 
basalt of a perfectly columnar structure, closely connected with a 'cof. 
lumnut mass formed of concentric lamellae, enclosidg a and hard, 

nucleus. Near this ravine, r had also an opportunity of observing the' 
gradual and perfect passage of the columnar btiSidt into that which has 

been 
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been called atratified, from the paralleliam * of >Ka places the composi- 
tion being identical, and, without doubt, cotemporaneous. These changes 
and passages, from one rock lutothb bther, ate ao frequent and various, 
as to render it impossible to refer the most of them to either of the rocks 
1 have abovementioned, as types. 1 shall, therefore, proceed to describe 
those which are distinctly marked, and their accompanying minerals. 
In external appearance, the columnar and semi-columnar batalt closely 
resembles that of the Giai^t’s Causeway, possessing the same fracture, 
internal dark colour, arid Eternal brown crust. It is eq\mlly compact and 
sonorous. It, however contains, more frequently, crystals of olivine, *of 
basaltic hornblende, and of carbonate of lime. The fusibility of each is 
the same. Perhaps the basalt of Gawilgerh range, more nearly reseip- 
bles, in every respect, that of the Ponce mountain in the Mauritius. This 
it, however, of very little importance, since every body who has travelled 
much in trap countries, knows well what great changes in composition and 
structure occur even in contin|^8 masses. Among the minerals, calce- 
dony, and the different species of zeolite, are rarely found in the columnar 
basalt, but they are of frequent occurrence in that which is semi-columnar. 
The wacken, or indurated clay, is as various in character and composi- 
tion, as the basalt, and, unfortunately, I have no type with which to 
compare it, iu the case of the basalt of the Giant’s Causeway. Its 
colour varies with its constituents, but is most usually gray. It is easily 
frangible, very frequently friable, and is almost allhiys porous and 
amygdaloidal. It appears to be composed of earthy felspar and horn- 
blende, with a considerable proportion of oxide of iron. It is always 
uasily fusible into a black scoria, or glass, according to the quantity of 
zeolite which it contains ; of all the trap-rocks, it abounds the most in 
simple minerals : They are—Quartz. 

Calcedony and calcedonic agates, enclosing crystals of 
carbonate of lime. 


Common 





Commop and aemi'Opal. 
Heliotrope. 

Plasma, or translucent heliotrope. 




Stilbite. 

Analcime. 

Natrolite. 

Icthyopthalmite. 

Felspar. 

Carbonate of lime and green ed 
I have never been able to discover in it either augite or hornblende in distinct 
crystals. When the surface of the land is strewed with these minerals, 
i| is a certain indication, that the rock beneath is wacken. With regard 
to the situation of this rock, 1 have rarely seen it on the summits pf 
hills, but much more frequently at their bases, and forming. the flat, el^ 
vated plains. I shall have occasion to advert to this rock again, when 
I proceed to describe the petrified shells. 


The nodular basalt is, perhaps, the most common form of trap in this 
mountain range, as. well as in other parts of India. It more commonly 
forms the surface than either of the rocks, and is as frequently seen pn 
the summits, as it is at the bases of the mountains. It rarely abounds 
in minerals of any kind. It is the principal source of the rich, black 
diluvian soU of India, commonly called black cotton soil. I have 
little to add to the former description of it. Its external structure issome> 
times beautifully developed by decomposition, since, in a mass of about 
six inches diameter, it is possible to count above twelve concentric layers, 
and on striking the nucleus a slight blow with a hammer, one or two more 
layers are broken off. It is owing to this facility of decoptposition, that 
the annual rains carry down such vast quantities of alluvial soil from 
its surface, which is, moreover, always strewed with an abundance of nuclei 


in 
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in various stages of decomposition. It is owing to the difficulty with 
which the roots of trees penetrate this rockf that they are so rare on its 
surface, and never grow to any size; yet this circumstance does not pre- 
vent the Andropogon contortum and nardus from growing in the most 
luxuriant manner, which sufficiently proves the fertility of the soil. 

On ascending from the Tapti, I observed in a nullah, a group of 
basaltic columns, one of which was two feet in diameter, and six sided. 
When near the summit of thl^flat table land of Jillan, I entered on a pass, 
formed on oAe side by a perpendicular section of the rock, from twenty- 
five to thirty feet, and on the other, by a rapid descent of forty or fifty. 
The lower part of the section, as well as the pathway, is composed of 
the wacken, or indurated clay, of the kind I have before mentioned, 
of about ten feet in thickness; lying on it is a stratum of earthy 
clay, of different degrees of induration and purity, twenty yards in 
length, and of about two f^t in thickness, containing great numbers 
of entire and broken shells. This possesses all the characters of a 
stratum, since the horizontal fissures are parallel, and are prolonged, 
ivith a few interruptions, through the whole extent. The accompanying 
sketch will serve to give a tolerably correct idea of the mode in which 
the stratum appears to overlie the lower rock, and to have- been depress- 
ed by that which is superincumbent. The upper rock consists of about 
fifteen feet in thickness of the nodular basalt, or wacken. The nuclei 
being of all sizes. The vertical fissures, which are so remarkable in 
trap rocks, are prolonged from both tlie upper and lower rocks into 
the shelly stratum, although there is no intermixture of substance. 

The stratum is composed of a highly indurated clay, fusible before the 
blowpipe into a fine black glass, and neither it nor the shells it contains 

J * 

effervesce in acids. The shells are, for the most part, flattened, and belong 

either 
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dther to the genus conus or voluta. It is not possible to conceive that so 
fragile a substance as a thin land shell, should have been so completely 
flattened without fracture, unless it had been previously softened by 
some mode, which at the same time produced a sufficient degree of pres- 
sure to effect its flattening. 

1 have attempted, in the annexed sketch, to give a representation of 
the degree of flattening ; but I fear that it can only be well understood by 
the specimens themselves. Neither the rock nor its contained shells, 
effervesce in acids. Westward, the ground is covered by the debris of a 
shelly congldmerate, much more indurated and impregnated with green 
earth, exhibiting cavities and shells in relief : from the shape of the 
former, there can be no doubt of their having once contained shells. 
Some of the shells are entire, but are rarely flattened. The matrix 
appears to be siliceous, and, in some^ases, approaches to imperfect helio- * 
trope. It is not fusible before the blowpipe. 

I may here mention that, in a report to the Marquis of Hastings, in 
June, 1819, 1 mentioned the existence of shells in trap rocks at Medconda, 
at a height of two thousand feet above the sea. The hill was composed 
of nodular-trap, and lying on its surface, were numerous pieces of siliceous 
stone, containing shells of the genera turbo and cyclostoma — the specific 
gravity of the stone varied from 2-0 to 2-5: the shells did not effer- 
vesce in acids, although some of them preserved their external polish. 
Internally, some of the stones appeared to pass into flint, particularly 
those of small specific gravity, whilst their external surface effer- 
vesced in acids. Some of the small shells were completely changed 
INTO CALCEDONY. Specimens of these shells are lodged with the Asiatic 
Society. 
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It is a remarkable fact, that the only remains of animals hitherto dis- 
covered in India, should be found in trap rocks, and under quite peculiar 
circumstances. 1st. They are found in situations where there are no 
indications ^f the former existence of lakes. 2d. Both the shells and 
matrix are destitute of carbonic acid. .3d. The former are, in many 
instances, squeezed flat without fracture, and, in some cases, completely 
commixing with their matrix. 

" These effects could only have been produced by the agency of heat, 
and, consequently, the modem theory of sub-marine or sub-aqueous volca- 
noes, will best serve to explain the phenomena. These shells were depo- 
sited in the stratum of clay in which they are now found, and when forced 
up by the mass of wacken beneath, they were, most probably, at the same 
time covered by the nodular basalt. Thus we have heat, to drive off the 
• carbonic acid and soften the shells ulider a pressure, which assisted the 
process, and, at the same time, flattened them. 

1 have too numerous collateral proofs of the intrusion of the trap 
rocks in this district, amongst the gneiss, to allow me to doubt of their 
volcanic origin. 1 shall take w early opportunity of completing the his- 
tory of flte trap rocks of India, for whick.I have collected materials for 
. several years past. 


UL 
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AN ACCOUNT 

OF SOME 

MINERALS, COLLECTED AT NAGPUR 

AND ITS VICINITY, 

With Remarks on the Geohgy, ^c, of that part of the Country. 


By captain F. JENKINS. 


!Na«fvr, the capital of the Mahratta Sovereign of Berar, is in Lat. 
21* icy, Long. 79* 14', of Arrowsmith. It is situated on the bank, and 
nearly at the advice of the ioaignificant stream, the Ndg Nadi, from 
which it has been consider^ to take its name ; but so small a rhulet 
might be siqipoaed to have been namelesa when the founders first began 
the town. " 

• 

The Nig Nadi often ceases, in the dry weather, to have a roiming 
stream ; and, indeed, that it is now a stream at all almost entirely de- 
pends on the large tank of Telinker, formed by a mound across a small 
valley in the trap bills, about three miles above the town. These hills 
have fbw or no springs, and the tank is sppplied with the water collected 
from the adjoining eminences during the rains. 


The 
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The Ndg Nadi, after a short course of twenty or twenty-five miles, 
is lost in the much larger stream of the Kanhan, coming from the Deo- 
gerh Hills, and the united stream falls into the Wyti Oanga, at about 
^the above distance from their junction. 


The prineipal source of the Wyn Ganga rises south-east of Seoni, 
and after making a circle round the town on the south, proceeds in a 
northerly direction, till it is finally turned south by a range of hills beyond 
Chappara, under which village it passes through a narrow gap between 
basaltic columns, an impetuous, but a beautiful and considerable stream. 

The Wyn Oanga, after its junction with the Warda, near Chanda, 
takes the name of PraniiA, and the joint stream is one of the most con- 
siderable feeders of the Oodaveri* The elevation of Nagpur, is about 
one thousand feet above the sea, the temperature of its climate is gene- 
rally equable throughout the year, and the seasons regular. 

The site of the town of Nagpur is very unfavourable : its want of 
water in the dry season, the sterility and heat of the adjoining bare trap 
hills at the same period, and the superabundance of water and rottenness 
of the soil in the wet season would seem to indicate, that it could only 
have been selected in connection with some sanctity attached to the hill 
of Sitabaldi, at*the foot of which it is situated. 

• 

Geologically viewed, its site is, however, interesting, for it is the poiint 
of junction of the great western trap formation with a great granitic 

formation, 


• Attempti were made some years ago to float dmberi from the vicinity of Nagpur dOvrn 
the Godaverf to the sea, with partial success, owing to the many rapids in the river ; but there are 
no obstructions of any consequence, and which might not be removed at a very trifling expeoce. 
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formation, the exteht of which is yet but partially determined. I should 
conceive, howeter, that it formed a part of the same granitic range, which 
is found on the confines of the plains of Bengal, reaching from the Ganges 
below Patna to the sea at Ganjam, and a continuation of the great ranges 
of the Coast, and not merely a supposed continuation below the surface, 
but probably traceable above ground throughout this vast extent. 

The broken and disintegrated state of the granitic rocks, which come 
in contact with, or approach very near to the trap, afford other interest- 
ing points that may bo confirmatory of the origin now pretty generally 
ascribed to that formation. 

The hill of SUdbaldi, the extreme eastern point of the trap forma- 
tion, would appear to be insulated from the range of hills to the west of it, 
or its connection is by a narrow neck, for the sinking of wells, round the 
base of the hill has shown it to be nearly, if not entirely surrounded by 
gneiss. 

The gneiss at its base is much decomposed, and of a greater eleva- 
tion than the next adjoining uncovered gneiss in the city, which is, how- 
ever, extremely shattered, and the whole bears the appearance of having 
been upheaved and disturbed by the basalt. 

- * 

The trap hills to the westward have, in the dry weather, tile most bar- 
ren and uninviting appearance ; being nearly destitute of water, there 
is scarcely a blade of grass or a shrub on them, and their whole surface is 
entirely covered with loose boulders of wacken balls of small size ; if the 
rains, however, are abundant, they afford a scanty crop of stunted Jowar- 
ree. The country S. and E. of Nagpur, some distance, being the black 
soil of the trap, bears a tolerable crop of the same poor grain, and there is 

c 3 little 
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little other cuItifatioii^i»cept towards the* Northern hills, on a Middish 
soil which grows' a^all quantity of wheat and oil crops, but mostly rery 
thin and stunted, compared with the same productions of our provinces 
on the Ganges.* About Nagpur, and perhaps generally over the whole 
neighbourhood to which my specimens belong, the calcai^bas concretions 
which we name Kankars, are every where abundant, the nodules about 
K&mti, (the cantonments of the Nagpur force,) are mostly very small, 
black, and hard, but burnt with charcoal, they give a clean white lime, 
and a strong and quick-setting cement, and are more commonly used 
than lime from any descriptions of lime-stohe, of which there are many 
varieties at short distances. 

The soil at Kdmti is so full of small Kankar pebbles, that it is dif- 
ficult to make good bricks of it ; for if not kept a little underburnt, the 
bricks burst to pieces on being touched with water. 

Within the range of my proposed sketch, there are no mines that I 
am aware of ; but there are ores of iron, manganese, and lead, and small 
quantities'of gold san^. The iron ores are poor, but that metal is abun- 
dantly supplied from the rich ores beyond the Nerbuddah. The manga- 
ne^ Is m|j^tlu:k oxide, rich and abundant, and of lead, there is a small 
quantity in the state of Galena, found only in detached boulders about 
the hills at Nima ; nog|||oi has yet appar^tly been discovered. 

• . 

The principal and almost sole demand for quarried stone was confin- 
ed, at the time I write of, to the wants of the European residents, and to 
the public buildings for the troops. The quarries open were, a quarry of * 

the 


* Beyood the Wyn Ganp, in the Bandura diitrict, the principal crop it rice, and Veiy abnndant. 





at the foot of the hill of SUdhatdk of gneiss In. the city, (the 
stone used by the natives in smalh quantities,) the di^ptegrated roch> for 
gravelling the roads, and one quarry of sand-stone atiSilwara, and ftnnt h er 
at Kiintl' .A slab of marble was occasionally cut out for images 
at MkOr&ri, and a part of the same rock was sometimes burnt for 
fine whitewash ; and with these exceptions, I do not remember any 
of the mineral productions of Nagpur being converted to. use. 

SITABALDI SPECIMENS. 

The specimens marked No. 1* are from the quarries West of , the hill 
of Sit&baldi: the basalt is herepxposed thd whole height of thq^^ill, and 
presents the appearance of strata by the alternation of compact and porous 
basalt. The compact rock forming strata eight or ten feet, and the po- 
rous basalt of one, or one and a half foot thick. .« 

a 

No. 2 (A) All these specimens are from perpendicular fissures in the 
basalt. The fissures are from one-eighth of an inch to two or three inches 
in width, extending irregularly from the top to the bottom of the hill, and 
the basalt adjoining the fissures is commonly coated with a thin layer of 
opal, as in one of the specimens) No. 1 , "in 

No. 3 (B) The eastern si^ and part of the top of the hill is covered 

with wacken boulders, thotjjg on the surface being small ; but some exposed 

• ' • 

near 


^ Basalt, comptct and porous. 

** The rock of Sftdbaldi is i^ ^K^mposition of porous Basalt passing into Amygdaloid and 
Nodular Wacken.”-.DR. Voysit. 

(A) Calcedony-^Calcedony add Rock Crystals— Calcedony, coated with green earth— Calc. 

Spar, in thjo layers. , ^ 

(B) Boulders of Wacken. 





•00 

new hotttie, by caUiBg a raad b^ ’the'dofM of tbi hUl, 

aM diree and in diaknater, oonsisting of concenttic layers of 

about an ibch in thiiknesB. i. , -ii: 

. t >■ , I , 

The specimens No. 4, (C) are from the bottom iA allege well, o^' the 
slope of the.' hill« but near its base, in the Residency compound. 'Niese 
specimens were met with in an attempt to sink the well deeper, it then 
being, perhaps, from thirty to forty feet ; the upper part of the rock had 
been wacken and basalt ; but on reaching ^is rock the well-diggers were 
stopt, they could not get through it either b^ut^ng or blasting, from the 
extreme state of induration and toughness of the rock. 

'■ 4:|,. .ff- 

Qh the northern side of the hill, in sinking's well, the first twenty or 
thirty feet were of this decomposed rock No. 5 (D) ; below was gneiss, more 
or less decayed. The gneiss was. no where to be traced on the surface, and 
immediately north, heyond a little hollow of about one hundred or one hun- 
dred and fifty yards, was a rising swell connected with the trap hills, and 
which, to the extent of the depth of numerous wells sunk on it, was com-; 
posed of wacken, chiefly nodular, soft and light coloured at top, but in- 
creasing in densfty and darkness of colour as the depth increased. This 

to the city, and as fiur as the colour 
sbowed,iruppeare^ to have tjjjpen situated pn trap only ; but a quarry in 
the centre of the town discovered gneiss |toost;. immediately under the 
surface. The upper layer of decayed and decaying gneiss was carted in 
considerable quantities for repairs of roads ; the under strata were much 
broken into cubic masses of smidl size, as if greatly disturbed by some 
most powerful agent. This stone was commonly used in the city for 

rough 

(C) Hornblende Schiit, nnd Mien Schist, or G&eisi. 

(D) Decomposed Gneiis. ** 


bnildiag«,4iD^ ba(ieBi0Dt •£ the Pal^ceifttmed basalt 

of^ia2i;i', needy ohisseUedMd very well put together/ ieaiintouDted 
by an upper etory of this poor gneiss. The unfinished wall of the 
city is entirely dressed basalt, at least. externally dressed, and of the 
best executioqv IBeyond the ridge of irap;aboTe noticed, at a veiy short 
distance nortfi, the deQaydd gneiss is again met with rad quarried for the 
roads; but, in proceeding further north, deep trap soil covers all vestiges 
of rock, until we reach the granite of ffare^aon and S&radi. 

♦ 

To the West, N. W. and, S. W. trap entirely prevails; to the N. E., 
E,, and S. E., black soil in the immediate neighbourhood, prevents the 
observation of the underlying Stratum ; but there is little doubt of its be- 
ing gnebs, as this is die nearest rook displayed in those directions. 

KHORARI AND WARAGAON SPECIMENS. 


Nos. 1 and 2 (A) These specimens are from the hill of dolomite at 
KhorM, distant from Sitdbaldl about six miles, and tethe north of it 
The intermediate country is deep, black, trap soil. 


Tothe eastis a low. range tdl granite hills at l^of’agnoef -the > 
nite is remarkable for the great' quantity of felspar in it-rfrom its jiUving 
no mka, (or a very small qb^ity,) and the quartz being chiefly dispos* 
ed in masses and exhibiting frequently large cavities lined with fine crys- 
tals of quartz. . To the west Khor&ri is bounded by the trap range, 


turning 


>' / . ' ‘ • .1 


(A) Dolomite, large grained and eery bard. 

Fine-grained add friable Dolomkea^ 

Dolomites with disseminated Steatite— witli TVemolite, epiolBa of Mica and was ef Caloedony. 
Varieties nattted by Dr. Voyeey, ** Dokmute with diiflemlaated Sieattit aad ipeoka oi Mica." 

“ Dolomite with reins of Calcedony." 


turning off' from to theiiti«rtb*went> tod some orntU insnlii^ed 

billO of trap are seated over the plain towmda .KAoi'^H. i > 

■ ■ . I , ■- '.’It , ■.■ ' . 

Bdow the dolomite hill and a^oinihgto it» aie^e' i coloured ine- 
grained dolomites, and the specimens 3 .and 4».are'in.ieouneotion with 
these. To the west and north, round the base of the*; hill, are^<the 
konkars, (B) large quantities ofwhich aredug up for lime. Some of these 
specimens are internally crystallized. 

4 

The large-grained dolomite is qnarHed;' jboi not ektensively, for mar- 
ble blocks, and foi^ lima for white-wash ; the blocks may be cut out to al- 
most any -size. Immediately about' the -hill at KhoriA, there are no 
other than lime-stone rocks in masses, but a vast variety of scattered 
pieces of stone, as gneiss, granite, quartz, &c. 

KAMTI. 

j) (^‘.To the westward of the granite hills, and in line with them at a short 
distaince, on a rising swell. Colonel Aoams formed the . cantonments* of 
the Bengal troops on the banks of the river Kanhdn.* Opposite, and im- 
med^tely on the bank, facing the greater part of the cantonments, was 

the sandmiQUetNo; l,t described by Dr. Voyset, as a sand^itone with an 

> 

argillaceous cement and specks of mica.;> The sand-stone had,' apparently, 
a dip south towards the cantonments^ undi^ the river, but none was to be 

t.r. » iu., i'.:.. .,r. traced 

f 

: ^ : . ■■ 

^(B) They cover a ipace about two huodiM yarda iquare, in a continued mail, and to a coqii- 
derablojlqpth, pure Carbonate of lime.''-^Dr. Vothky. 

• XaiMn riiei in the Deogerh hilli, running thence nearly louth, till it reachei the plain, 
and then tumi nearly due eait, and falli into tlie Wyn Ganga, near Bandera. 

t Some varietiei of thii eand^itone, Dr. V. deicribed. ai V land-itone wUh trail diiieminated 
iron glance, one ipecimen rOaembUng uliceoui icbitf.** 

At the bale of the land-itboe, in tha riTor bed,;.were tome exteniiye bedi of oalcareoui con- 
glomerate, which burned into a dirty iime. 



traced on the-soutb side of tiio narroir stream, its.breadtlfc.inland, oh the 
northern side, wasinconsiderable, as far as icoold be;jt(iaced. ' Thie sahd> 
stone was much broken in all directions, and the fisshres, horizontal and 
vertical, were entirely Ailed mth seams of lime about half an inch to an 
inch in thickness. 'Thagsrestem extremity of this sand-stone runs under the 
Ka^hAn, at a bend a uttle above the village o£ KAmtU forming a low 
fall on the river, and was here covered by “earthy. red iron, ore,”* of ffreat 
density on the surface^ 

No. 2 (C) These specimens of reddish granite, or granite passing into 
gneiss, are from wells in the cratre - of cantonments ; they appeared to be 
only thin strata or veins, as, after breakings through twelve or fourteen 
feet, with very great difficulty, sand was met with underneath. 

No. 3 (D).The bluish-green coloured 8pecjmeas,'composed principally- 
of actinolite, were from a well almost adjoining, not more than two'hundred 
and fifty feet distant, all the rock of which was tinged blue. Nos. 4 and 
5 (E) are specimens from a well further west. ' < 

Due south of thewell, which contained the specimens No. 2, abo^two 
hundred yards in some low! ground,' inopetiing ’an excavation for a'tank, 
decayed gneiss was found close r under the surface, and to the bxtcnt to 
which the tapk was thdn excavated : the specimens No.; 6, were called 
by Dr.VoYSEY, granite passing into gneisS, well defined gneiss, quartz 
rock, red felspar, and green stone, the primitive trap of Werner'.” F. 

• • ' In 

I . . ■ — I , .■ I > ' . ■ » .. ■i.e t , 

♦ 0r. VoiriEt. 

(C) Red Granit^ 

(D) Bluish Granites. 

(E) Granites principally composed of reddish felspar. 

(F) All specimeipi fVom a well at ^e.ea^t.pf cantonments. 
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. ilftitotie of the other veils • of eantonmeatov'l believe^ v«s scdtd 
nMlk met withi •/boti.'iefge quantities of loode stones of every variety, 
quartz, granite, and gi*een'8tone being the prevailing sorts, and sand vas 
invariably found mixed with and below the pebbles,, ^ich would almost 
lead one to suppose that the specimens; 2, 3, an^i lhme from immense 
boulders, and some large white )|uartis boulders on the west of the’' can- 
tonments, would each of them have nearly filled the diameter of the small 
wells. Nor was any rock visible along the river bank, cropping out to 
show whether the granite was continuous. ^Except at the extreme left 
of the cantonments, and distant from the wells three miles, where a ridge 
of red, brittle, well-defined gneiss, vertically disposed, is seen in the river 
bed, and lost in the right bank of the river; 


This accumulation of sand and pebbles, and cropping out of the gra- 
nite, gneiss, and sand-stone, causes a swell scarcely extending beyond the 
limits of cantonments, and afforded to the Bengal force there at the time, 
the. advantage .of wOU^drained hard ground during the rains ; whilst that 
between cantonments and Nogpur, and all round Nagpur was impassa- 
ble, from the rottenness of the deep black soil. An equal advantage ac- 
erd^ from the nature of the soil, during the hot weather, water being 
found pUptifnlly at little depth, throughout the cantonments, below the 
amid, whilst at Nagpur, every hot season, neariy all the wells run dry, 
being seemingly mere reservoirs of water, in the basalt rock, which over- 
flow in the nuns^ beihg filled by draiha||e of the surface. 


SILWARA. 

NotUi of Khor&ri about two miles, on rather elevated ground, are ex- 
tensive quarries of sand-stone. No. 1.* The strata are very tegular, though 

of 


* No. I. « ArgilltoMui Stnd-Mow'er Tarbitt colon.*— Votht. 
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of unequal thickness, and dip from 30* to 35* to the south. Between Sil- 
wara and Pdtan Sangi, the sand-stone rises into a low hill, upon the 
surface of which are quantities of the conglomerate, No. 2.^ This liqjs 
also in considerable q^asses in the bed of the stream, near Sawnir, and 
appears, to cover an extensive part of the country, beyond the pass of 
Kelode, on the road to Sindwara. 

RAMTEK. 

Proceeding to the north from Kdtnti, on the high road to RdnUek, 
no rock is found on the surface from the former village to the slight ele- 
vation extending from Sdtak to Nagardan. 

About half-way, however, in a deep well, dug for the conv ^i ence of 
travellers, at the depth of about thirty feet from the surface, was found a 
granite decomposed, consisting almost entirely of pure milk-white fel- 
spar, with very small quantities of white quartz and white mica. On 
being taken up, the specimens of this rock fell to pieces. Not far from 
this, in a nullah, were found some large boulders of translucent white 
quartz, interspersed throughout with long thin prisms of schorl, regufarly 
radiating from centres. 

The swell at Sdlak and Nagardan (No. 1.) is 6f quartz, but the 
rock does not appear in any coneAderable mass. 

Hence, for four or five miles to Rdmtek, the road passes over deep 
black soil 'to the small advanced hill, covered throughout with quartz 

pebbles. 


f No. 2. Conglomerate. 
3 E 
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pebbles This hill is in contact witli the hill of Rdmtik; that is to say, 
the sloping sides of each meet })efore the valley between them falls to 
the level of the surrounding plain, and on the slope of the greater hill, the 
gneiss begins to appear immediatelyw This gneis^^is of various colours, 
although the texture is nearly uniform. The specimen exhibits the prevail- 
ing rock : Dr. Voysey called it “ gneiss, with the aspect of a rock formed 
by mechanical deposition.” 

The abrupt-peaked termination of the hill on which stand the 
temples, is about five hundred feet above the plain. »The ascent on 
this side, from the village, is by a broad, steep flight of well-laid 
gneiss steps, with resting places and seats at intervals : the whole 
is of the best construction, and promises to last as long as the hill 
itself, j. 

The view from the top of the hill amply fepays the labour of ascent. 
Southward it extends to K&mti, over a tolerably cultivated, open plain, 
but which, when the crops are gathered, has a barren enough appear- 
ance, for the intermediate villages are small and few, and for want of wa- 
ter, scarcely anything of what may be called the garden crop of the 
more favored parts of the country, is to be seen. Immediately around 

hill of R&mtik, however, are numerous large tanks, which supply 
irrigation to a number of P&n KMU, and a few gardens of common 
vegetables, throughout the year. Th^ ground nemr the foot of the 
hills is covered witli mangoe trees, which extend a considerable way 
up thwr slejpes, on what looks as barren a soil as can well be imagined. 
To the north, across a small valley of two miles or less, which is always 
green, and well studded with clumps of trees and villages, rises the first 
range of the hills which extend to the Nermadi. 


. The 
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The prospect in this direction is very limited, and shows only hills of 
little elevation, entirely covered with deep jungle. To the east and west, be* 
low the range of hills, the country enjoys considerable means of irrigation, 
•nd is comparatively ^ell cultivated. And directly underneath, to the 
east, is the very picturesque valley of the hill itself, which, from the point 
of the enclosure of the temples, forks out into two branches, that, after a 
range of three or four miles, curve towards each other, and, though not 
exactly meeting, appear to do so ; small detached hills and promontories 
enclosing the scene. At the head of this valley a large tank has been 
dammed in, round which are several pretty little Hindu buildings. 

To this tank also, from the top of the hill, descends another noble 
and easy flight of steps, formed, as the other, of gneiss. 

The first range of hills, north of Rdmlik, is of quartz, and the begin* 
ning of the Glidt is of the white quartz of the specimen No. 2 ; farther 
on, gneiss occurs, and at DongertAl, eleven miles from R&mtik, and the 
top of the ascent, the little hills of rock scattered about the tank and val* 
ley, are of granite. 

Below the hill, on the south and west, are considerable beds of marie, 
capable of being burned into tolerable lime. 7 

Between the lesser J!2dmt^A;*hill, and the point of a range of quartz 
rock, on the west, is a gap of about two miles; and three or four miles 
north of this is the village of Kumdri, the last to be ntet in approach- 
ing the jungle, which here is very high and thick. 

' On entering the jungle, the surface rock appears to be white mica 
schist, entirely disintegrated ; and proceeding on three or four miles, the 

ridges 
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ridges of rocks, from which the specimens from Kumdri are taken, are 
met with. 

The specimens of red lime-stone, Nos. 1 .* constitij^ed the principal mass 
of the rocks, which appeared to have an east and west direction, and 
to be vertically disposed ; for, though there was no distinct appearance 
of stratification, the rocks were divided from each other, and lay in sharp 
ridges. Nos. S.f Towards the north of these, the lime-stone passed (form- 
ing all gradations of colour, from a white grey to deep black,) into a rock, 
composed almost entirely of manganese. 

Nos. 3.| These specimens of granite veins were knocked off from the 
tops of the lime-stone ridges, into which they ran ; by the quicker wear 
of the lime-stone, they were left as protuberances of two or three inches 
high. 

The remaining specimens (Nos. 4.§) are from the adjoining rocks. 
These (Nos.' 5.^) and the lime-stone rocks, are situated in the bottom of a 
nullah, in a deep valley overhung a thick forest, and so infested with 
tigers, that little research could be made beyond the small open space the 
nullah afforded. The lime-stone rises in its bed and runs to the westward ; 
the eastern bank appeared to be of gneiss, or varieties from it to quartz 
and mica schist. The kankars formed some large blocks immediately 
below the lime-stone. • 

Proceeding 

* Nos. 1. Pnmitivs CryiUllized Lime-stone with reins of Grsnite, Quartz Rock, and Glossy 
Actinolite. 

f Nos. 2. Gradations from the aboro Lime-stone into a Rock, consisting principally of black 
Oxide of Manganese. 

X Noi. 3. Granite reins. 

f Nos. 4. Gneiss and Quartz. 

f Nos. 5f Calc. Tuff and Kankars* 
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Proceeding from RAmtlk to the west, the low range of. broken hills 
appear to be a confused mass of quartz boulders ; further on, a granite 
country is entered upon, or 7%ther a coimtry formed from granite debris, 
gravel of mica, felspar and quartz, composing the surface, with here and 
there crumbling blocks of granite and gneiss ; but scarcely anything like 
the live rock is to be seen till you arrive at the river Pesh, below the vil- 
lage of Nayakund. Here, from under the high bank of the village, a dyke 
of gneiss, perfectly vertical, crossed the river, and formed a dam, interrupt- 
ing the navigation. The dyke was lost in the opposite bank. Being em- 
ployed in breaking a channel through this rock, the whole of its interior 
was laid open, and Dr. Voysey was so much struck with the contortions 
it displayed, and its variety of appearance, that he visited this place, by 
himself and with me, four or five times, and we have much to regret the 
imperfect state in which he left his MS., which has deprived the Geology 
of India of the remarks of this most acute and extensive observer. Few 
will ever be found superior to him in intelligence, and none in close ob- 
servance of facts ; and we can scarcely expect, for some years, a person who, 
combining these qualities, will enjoy his great opportunities of seeing the 
formations of India throughout nearly its whole extent. 

The gneiss (No. r. A) varied from granite to mica schist ; but the gra- 
nite parts were veins, or rather imbedded masses of granite, for of most, 
*the whole extent could be observed to be included every where in the 
gneiss. Quartz rock was frequently buried in it in the same manner, and 
wherever the granite or quartz occurred, the grain of the main rock was 
disturbed, and bent from its otherwise straight direction. 

The adjacent rock was a grey granite, composed chiefly of whitish 

felspar, 


VI 


No. 1. A. Contorted Gneiis. 
^ 3 F 
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felspar, in very large crystals ; in« mass of this, in the bottom of a ravine, 
the rock was distinctly traversed thrice or four times by granite veins, 
accompanied by as many heaves. The gnuidte of the veins becoming 
smaller-grained, and redder, as more recent. 1 do not recollect that the 
veins had any mica, the chief ingredient was red felspar. 

The gneiss dyke, though the contact was not actually to be observed, 
must have proceeded through the granite before it reached the bed of the river. 

OoJcula is three or four miles up the river Pesh, from Nayakund. The 
river is here again dammed up by a very extensive dyke of crystallized 
lime-stone. Its colours are brilliant, chiefly red and blue, or grey veined 
with blue, and is highly polished by the continued running of the waters, and 
broken into singular shapes, and hollowed into deep cavities and fissures. 
The stream, of the most transparent water, dashes through it in a narrow 
twisted and obstructed channel, and ends in a l.arge natural tank, worked 
out of the marble by tho river ♦ its depth we could not fathom, with the 
means then at hand, and being shaded by luxuriant trees, and backed by 
the fantastic shapes of the polished marble blocks, it formed a scene that 
was highly beautiful. Behind (north) was an amphitheatre of hills, and 
in front an open cultivated country. 

The left; bank of the river is composed of decayed gneiss ; the right * 
bank of clay and a loose conglomerate of pebbles : the lime-stone occupies 
the bed of the river only, and appears unattached to either side. 

Here, as at Kumdri, (No. 1. B.) the lime-stone, which is much the 
same rock as there, passes into a quartz rock, coloured by manganese ore ; 

the 


No. 1. B. Varietiei of Cryitallhed Lime-stone. 
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the dark (No. 2.) stripes given by ^rhich- are very variously contorted. 
Towards the left bank, granite and gneiss were formed, passing into the 
lime-stone, the gradation fropi the one to the other being very gradual, 
and showing' intermediately, an intimate blending (No. 3.) of the two 
rocks, which could only have taken place when both were in some degree 
of fluidity. 

Before leaving Gokula, I may be allowed to notice the very numerous 
tumuli of the neighbourhood. The rings of stone which marked them all 
were, in some instances, as much as fifty or sixty paces in diameter; they 
were mostly unraised, but some were elevated by a heap of stones. Dr. 
VoYSEY noticed, that they were similar to those about the Hyderabad 
country. The natives appeared to have no tradition concerning them, 
nor any idea of what they were. 

Dr. V. and myself had one traversed in the centre by ditches of con- 
siderable depth, but we did not succeed in meeting with any remains. 

The following is a part of the collection Dr. Voysey made, between 
Nayakund and Gokula, and named for me by him ; 

* 

Slaty iron glance. 

Granite, large proportion of quartz, with specks of mica, porphyritic 
syenitic granite, the hornblende being in large crystals. 

Quartz, passing into chert. * 

Black mica schist. 

White ditto ditto. 

Sand-stone, 


Vo. 2. In two specimen* are rein* of a Lead ore, or of Aatimony. 
No. 3. Lime-«loae, pauing into Gneia*. 
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Sand-stone, with iron glance. 

Granite, red felspar, quartz, and a small quantity of mica. 

Granite, red felspar, and hornblende, like mount Sorel. 

Granular quartz and epidote. 

Gneiss, passing into sand-stone. 

Dolomite. 

From the bed of the river. 

Heliotrope. 

Imperfect calcedonic agate. 

Red jasper. 

A green silicious indurated stone. 

Onyx of calcedony and quartz. 

Quartz, coloured by iron. 

These last specimens would seem to show that the Pe$h, in its course, 
crossed a trap country, and, though it rises in a granite country, and 
chiefly passes through gneiss mountains, yet it may be presumed, (as I 
observed in going to Sindwara, that the ascents and tops of the ghauts 
were of trap,) that it also meets with partial formations or veins of trap 
and basalt. 

Crossing the Pesh, three miles to the east, are two detached hills at 
PArshit, these are of a decaying rock, varying from granite to gneiss, 
and to quartz, the latter, perhaps, the prevailing rock, at least on the 
surface, and five or six miles further east are two other detached and 
larger hills of much the same variety of composition, at the village of 
iVIma. On one of these was discovered the specimens of galena, which 
were contained in quartz rock. Some specimens were very rich in ore, but 
nothing like a vein of the lead could be traced, and what was met with was 
contained in small quartz boulders, scattered on the side of the bill. 

Returning 
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Returning back to Nagpur by a middle route, between the granite 
mounds of Wwagaon and the range of hills on the north, a little hill and 
a ridge of rock, running £. and W., is met with near Bishwamhher. 

The rock is of a cherty quartz and cellular, (No. 1.*) and much inter- 
mixed with a quartzy ore of manganese. The top of the ridge has the 
exact appearance of the remains of a strong wall, and may be traced for a 

considerable distance along the plain, and scarcely rising above it. 

^ • 

The rocks were stratified and vertically disposed. Immediately north, 
a part of the bank of the river is formed of massive white quartz, and 
inland, are traces of granite. 

On the Kanh&n, at Matni Mahoda, after passing east over the plain 
from Nagpur, another dyke of contorted gneiss is met with, exactly simi- 
lar to that of Nayakund ; it is here accompanied by cellular iron clay — ^The 
extent of the gneiss beyond this, I am not able to mention ; but it proceeds 
beyond Bandira, and my belief is that it forms part of a great granitic 
formation, meeting by the way of the Ldnji hills and Retenpur, at 
Ramgerh, the great granitic range which sweeps round by Balasore and 
Cuttack, to the Coromandel Coast. 

Near Komta, under the L&nji mountains, are hills of red ochre of 
good quality ; and in one of the,nullahs running from that direction into 
the Wyne Ganga, gold dust was found, samples of which, and the extract- 
ed metal, I had the honor to forward to the late Dr. Abel* for the inspec- 
tion of this Committee. 


• Quartz and Cherty Quartz. 
3 o 
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The specimens from Semi (* Nos. 1, 2,) bring down the Ckapara 
basalt so far to the south ; but immediately bordering at Chaon, is a bed 
of iron clay, No. 5, resting most probably on gneiss ; its breadth there, on 
the road to Nagpur, is trifling, and south of it commences a granitic 
formation, which extends to that city. Nos. 3,t are from small mounds of 
lime-stone of Seoni, three or four miles, which I had no opportunity of 
visiting. 

Sindttara lies d^tle to the westward of north of Nagpur, and about 
sixty or seventy miles from that city. The specimens of granite 1, 2, 3, 4, 
are all from the immediate neighbourhood of the town. 

The gneiss of the valley of Nagpur extends by Kelode to Lodekera, 
overlayed in many parts by extensive but shallow masses of pudding- 
stone, similar to that at Patansinht and Sawnhr, After ascending the 
Ust ghat, which was covered with trap, the rock met with is granite— 
and this I traced nearly to Caitiff— the descending ghat to the valley of 
BaiM, and last few miles, only being of trap. The top of the valley of 
BailH is granite, and this formation extends north nearly to Hasana- 
bad, with some small interruptions of sand-stones and trap : the bottom of 
the valley is trappean; part of the great trap of the west, with which it is 
connected by the valley of the Tapti, and the Gawilgerh and Asirgerh 
ranges of mountains, and it is united by MuUai and Panddma, with the 
hills of trap, whose extreme promontorj( in this direction east, is the hill 
otSUabaldi, About mid-way between Sindwara and Baitdl, are some 
romantic piles of massive and immense granite boulders, some, perhaps, 
logan rocks, most of which have been consecrated by the superstition of 

the 


• Not. 1, 2, Bmlt, very timilar to that of SUaialiH. 
t Granular lecondaiy Lime-aloiie. 
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the 0<mds, and are striped, and crossed, and crowned with streaks of red 
lead. Some parts of this high aground affords as fine scenery as any I 
have met with in the country. The surface is beautifully uddulated, and 
the trees scattered at considerable intervals, leaving glades between of 
fine pasture. The elevation is about three or four thousand feet ; the 
climate temperate, and the firm growan, soil is by no means destitute of 

^ater ^being constantly intersected by the 4ittle rills which form the 

sources of the Kanh&n, Puna, and Tapti rivers. This fine country has, 
however, only a scanty population of rude Gonds, and is almost totally 
uncultivated. 



XIII. 


NOTICE 

OF THE 

OCCURRENCE OF GYPSUM 

^ IN THE 

INDO-GANGETIC TRACT OF MOUNTAINS. 


Br Capt. J. D. HERBERT, Sup. Min. Sun. 


In the Wernerian arrangement of rocks, we find distinct places assign- 
ed to the titles of Primitive, Transition, and flwlz. Gypsum, leading to the 
conclusion that this mineral is found, to some extent, in rocks of these 
several ages. Some geologists, however, appear to doubt the existence of 
Primitive or Primary Gypsum. Dn. Macculloch, in his “classification of 
rocks,” hesitates to admit it. So docs a writer in the 20th volume, of the 
British Review, who yet adopts the Wernerian arrangement, as, in the 
main, conformable to observation. Professor Jameson states, that it has 
not been found in extensive masses in any primary rock. Professor 
Cleaveland admits its occurrence in the Alps, but it is most probable that 
he alludes to the fact mentioned by M. Humboldt in his “ Gissement 
des Rochers,” who states that at the Splugen pass, in the Alps, primitive 

gypsum 
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gypsum occurs mixed with dolomite, in beds subordinate to mica slate. 
With regard to Transition Gypsum, its occurrence is less question- 
able ; but all authorities concur in lixing the principal and most important 
deposit of gypsum, to the newer red or saliferous sand-stone, (the red 
marie of England, and hunter sand-stein of Werner) or in its associated 
rock, the mountain lime-stone. 

2. It was with these considerations in my view that I have always 
looked to the hills which bound on the south side, the several duiis or 
vnllies that stretch along the foot of the great mountain tract, as the most 
probable locality in which to find this substance. They answer perfectly 
in character to the description given of the red marie of England, ^hat 
they are really a type of the saliferous sand-stone, is proved by the occur- 
rence of extensive deposits of r<wk salt in their prolongation towards the 
Indus. 

,3. The gypsum, however, of which I have the honor to submit speci- 
mens, is not found in those mountains, but in the clay-slate formation 
which bounds these vallies to the noirth, and which certainly possesses 
none of the characters of a secondary rock. It will be differently named 
by the followers of different systems ; those who admit a transition class, 
will probably distinguish it by that term ; while those who reject that 
class will, at once, call it primary : it possesses the characters of the 
transition clay-slate in its granular composition, in being associated with 
a fetid lime-stone, and in lying between the secondary and the better- 
defined primary strata. It is to be noted, however, that the gypsum occurs 
in very small quantity ; it appears to me, indeed, certain, that whatever 
be the age of the including rock, the gypsum itself is of comparatively 
modern formation, and similar in its origin to those masses of stalagmitic 
lime-stone which are found in every rock, from the oldest gneiss to the 


O 
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newest fioetz rocks, and that it is a merely local occurrence. This opinion 
I derive from the very limited quantity in which it is found, from its being 
associated with a sulphuretted lime*stone, and lastly, from its containing 
fragments of the neighbouring rock. 

4. The principal deposit occurs in the bed of a stream which leaves 
the hills immediately below the village of Ndgal, in the Dehra Dun — 
This stream, so well known to visitors who come here from the Haridwar 
fair, as deriving its name from a spot called Sansar Dkdrd,* or the 
dripping rock. This is a perpendicular bank of fifty feet in height, which, 
for (^readth of sixty or seventy feet, is faced; with pendent stalactites, 
fronWhich, and from the brow of the hill, descends a continual shower 
of drops. The water contains carbonate of lime in solution, (probably 
through the medium of carbonic acid) and is continually depositing it, so 
as to add to the number as well as size of the stalactites. 

5. Two miles beyond this spot, at the confluence of another stream 

which comes from the left, the watejr. of which is also charged with car- 

bonate of lime, is seen the gypsum associated with a rock of rather an 

anomalous character. It has all the aspect of a lime-stone, but refuses 

to effervesce with acids, or at least does so very feebly. It is frequently 

of a deep black color and fetid odor, particularly when struck or fractured. 

The odor is that of sulphuretted hydrogen. As it passes into well cha- 

% 

racterised lime-stone, it must be considered, geologically, as one of the 
numerous types of that rock, though, as it is so highly charged with 
argillaceous, and probably siliceous matter, its claim to the title of a 
lime-stone would not be So obvious in a hard specimen, it is one of an 

extensive 


* Or, according to aoHia aatboriliei, Sattar Dhdrd. 
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extensive series of beds included in clay-slate which, as I have before ob- 
served, may be either transition or primary, according to the observer's 
views. Fri^ments of the clay -slate, as well as of the lime-stone, occur jj/fi 
the gypsum ; the former rock, is distinctly stratified,, and dips east with an 
inclination varying from 30* to 50® ; the lime-stone is not so generally stra- 
tified, or at least the stratification is often very obscure. 

6. The gypsum is of the prismatoidal species of Professor Moh’s, of 
the variety called foliated granular ; it is of a snow-white color, the lustre 
is equal, or perhaps a little superior to that of wfiite marble — It is scarce- 
ly translucent, or if so, only in a low degree. One small specimen ^ich 1 
saw was perfectly so, and had all the appearance of the most b4l|piful 
alabaster. The specific gravity I find to be 2.24, which is within the 
limits determined by Professor Moh ; the hardness is about 2.0. In strict- 
ness, however, the hardness of a mineral cannot be determined from spe- 
cimens in which the individuals are so small, at least not in the deter- 
minate manner required in the scientific system. 

7. A second deposit had been discovered, about two miles up the bed 
of a stream which falls in opposite to Sansar DhirA, by a gentleman who 
had visited the spot, and mentioned the occurrence to me. I was not suc- 
cessful, however, in my attempts to find it, although I with a sufficient 
number of fragments to indicate the neighbourKood of some larger 
mass. The description given, ‘with an examination of the .specimens, 
enable me to decide that it was a small bed, or mass, in clay-slate. Some 
of the specimens had the slate adhering ; it appeared evidently to have 
been formed by infiltration, or deposition from water, subsequently to the 
clay-slate, as the bed which, in its greatest extent, was nearly horizontal, 
had taken a downward direction, so as to fill up a perpendicular crevice 
in the slate. The ^psum exactly resembled that of the preceding locality. 

Though 
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Though I could not find. U»e principal bed, I detected a small mass of ad 
irregular figure, enclt^d in angular debris, which, from its impurity 

the freshness of its surface, h^ been, I conclude. f<win(pd, in that 
situation. The water of this stream is i^regnated with sidphuretted 
hydrogen. 

’ . V' 

0 . The third locality is on the ascent from the Tillage , of Rdjpir, 
immediately below the hamlet of Jari Pdni, situated in the range which 
rises to thf north of the Ddn. It has been found, as yet, only in reins, 
in a blue lime-stone, afid chiefly of that varietXj|galled fibrous. Here, 
too, as atljoth the other localities, the rocjl|^develope, on being frac- 
tur4|t strong odor of sulphuretted hydrogen. How far this fa«t may be 
connected with the origin of the mineral in these plao^, remains to be 
determined. 

0. The strong family resemblance which the lime-stone rocks bore 
in this place, to those in contact with the gypsum, at the former two local- 
ities, was sufficient warrant of the the mineral, in great- 

er quantity, in the immediate neighborhood. And I was afterwards for- 
tunate enough to discover it not many miles from the spot where these 
fragments had been picked up. This fourth locality is on the northern face 
of the range, in the wcent from the hamlet of Ranon to the summit. ^ 
It is found in some Quantity, and of the same character, and under 
pw»feily relations, as at S^nsar DkdrA. The masses of 

wl^^ itfti^„hre several, are all superficial, and contain fragments of the 
black fetid rock ^on ^|bich they lie, which also, like that at Santar 
D/idrd, though non-eflerresoeut itself, passes into 'one that is— and 
which also, when rubbed or gives out the odor of sulphuretted 

hydrogen. * ' ' 


10. In 
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10. In the first Tolume of the new series of the Geological Transac* 
tions, a specimen of gypsum, as also of anhydrite, * is enumerated as 
amongst those presented to the Society by Mr. Colebrookr, in the name 
of Captain, then Lieut. Gerard. I have also heard of a specimen in 
a Calcutta collection, which had been presented by Dr. Govan. I am not 
aware of the locality of the latter ; the former was found somewhere in the 
bed of the Sfnti river, on the confines of Ltoddk, and at no great distance 
from a primary formation. No particulars are, however, given of the mode 
of its occurrence. These are the only instances of gypsum being found 
in these mountains, that I know of, besides those detailed in the present 
paper. Who was the first discoverer of the Dehra gypsum, 1 cannot say. 
I have been told that the substance had been familiar to the residcj^ in 
the Ddn, who confounded it with white marble, and that Captain Gt^nt, 
of Sah&runpur, was the first to suggest its real nature. 

> 

11. Gypsum is used as a material for statues, vases, columns, and 
similar works of art. The purer and more crystalline varieties, are even 
used for ornaments. When the water which it contains, and which 
amounts to twenty<two per cent, is driven off by burning, it forms the 
plaister of Paris, or material for stucco work, and for casts. It is also 
used (unburned) as a dressing for land, extensively, I believe, in America. 
The quality of the mountain gypsum is such as to fit it for all these 
purposes, except the second ; but the quantity which has, as yet, been 
discovered, is not, perhaps, sufficient to render it an object of much ntten> 
tion. A careful search might be successful in laying open greater stores, 

. , ' though, 


• I hare in m/pouMsion a rolled piece of Anhydrite, preMnted tome by O. W. Traill, Esq^ 
Commiwioner; but I liaro mislaid the particulars of his note: it Was, however, from the neighbour* 
hood of the Snowy Peaks.. 

3 I 



222 0CCUERENC©50F GYPSUM IN THE i 

though, from urhat I have premised, there is little hope of finding any very 
extensive beds in the immediate vicinity of the present quarry . 

* V 

List of Specimens forwarded hy Dawk Banghy. 

No. 1.— Is a specimen from the quarry, and -will serve to give an idea 
of the best picked quality. (Art. 5.) ♦ 

Nos. 4 and 3.— Are specimens of fragments from the bed of the 
stream. (Art. 7.) 


^os. 4 and 6.*-'Axe specimens of the mate found in angular debris. 
(Ar*.) 


No. 6. — Contains imbedded fragments of associated rocks. 


POSTSCBIVT. 

Since first drawing up this paper, I have had access to one by 
M. Bbochant, on the gypsum of the Alps, which it appears, till he under- 
took the examination of it, was considered to be a member of the primary 
class of formations. M. Brochan'I' finds this opinion untenable ; and 
ihom a large induction, he thinks himself entitled to conclude, that all the 
masses of gypsum id the Alps which he has examined, (and which he par- 
ticularly remarks are superficial,)! with whatever rocks associated, belong 
to onU'ttfa-~an sera later than that of the newest of the rocks it acoom-' 
panics. Now, in one of the lime-sWes of this association, he has detected 
organic remains; so that i f his con duaion of tbe.j:.o.temporaneQus forma?, 
tion of these apparently unconnected masses be sound, they become, at 
once, referable to an sera po^ferlbr to that of primary formations. This 
so far confirms my view of the origin of Himalaya gypsum.. . 

I ought 
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I ought to add, that, in mineralogical character, as far as that can be 
fixed by description, the gypsum of the Alps bears the closest resem- 
blance to that of the Himalaya. Add to this, that they are, in both cases, 
found in superficial masses, which can hardly be called either beds or 
veins, that they are apparently independent and limited in extent. 


XIV. 
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ON THE 

FERTILISING PRINCIPLE 

OP THE 

INUNDATIONS OF THE HUGLI. 

By H. PIDDINGTON, Esq. 

It is a generally received opinion, that the fertilising principle of the 
inundations of the great tropical rivers, is vegetable matter in various 
stages of decomposition ; in as far as relates to the High, this is not 
the fact ; as the following details, abridged from a paper presented to the 
Agricultural Society, will show. In a country, where European skill 
mnst shortly be far more extensively employed in developing its resources, 
than it has hitherto been, nothing which relates to the soil can be in- 
different, or foreign to the views of the Physical Committee. 

“ It is well known, that while the tracts within reach of the inunda- 
tion, preserve their original fertility, the higher soils are gradually and 
rapidly impoverishing, and this to a degree of which few, who have not 
made the subject one of attention, are aware ; there are some crops 
which cannot be repeated, unless at intervals of three or four years ; while 

on 
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on the loir lands, tiiiese are the only ones ^hicfa are taken for a period 
beyond the memory of mtui. Indigo is a striking instance, and the most 
familiar one, of what is here adranoed; and it was with a view to some 
improvement in the cultivation of this plant, that the following Analysis 
were instituted. 


Portions of the silt, (or mud, deposited by the inundations,) were 
procured from B&mbar^h, near Sukhi&gar, and from Mohatpur, near 
Kissimmggur ; the analysis of each gave in two hundred parts. 


. 

SiU/fitm 

BAnabariah, 

SiUfrpm 

WAtOPy •••• •••• •••# 

9 

9 

Saline mattersy (mostly muriate of potass,) 

Of 

Of 

Vegetable matter, destructible by heat, • • • • • • • • 


*i 

Carbonate of lime, •••• •••• *••• 

12i 

164 

Phosphate of lime, •••• •••• 

0 

1 

Sulphate of lime, •••• •••• 

0 

0 

Oxyde of iron, •••• •••• 

12 

12 

Silex, #..• •••• •••• •••• 

156 

139 

Alumina, • • • • • • • • • • • • • • • • 

H 

I4f 


183| 

1804 

Loss, • • « • 

60i 

■■ 94 


900 

900 


The very unlooked-for circuWtance of only two and a half per cent, 
of vegetable matter being found in these, specimens, appeared almost to 
exclude the idea that this was the fertilising principle; or at least that it 
could be exclusively so ; while, on the other hand, from six to eight per 
cent, of calcareous matter appearing in them, when in an extensive series 
of analysis of the higher soils, this was always found remarkably deficient, 
(seldom more than 0,75 to 1 per cent.) pointed to the conclusion, that the 

3 K calcareous 
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calcareous matter was, sperhaps, the gretit agent ; and, in as far as regards 
Indigo, this was found, by experiment, to be the fact, for a minute portion 
of lime was found to increase the |||||^e upwards of 50 per cent. The 
details of the agricultural experiment I omit, as foreign to our pursuits. 

In considering farther this subject, it occurred that lime might proba- 
bly .exist, in solution, amongst the rich mud on which the seed is sown, as 
tlie waters recede, and this was found to be the case; a quantity of it, 
taken at the moment of the subsidence of the waters, being procured, it 
was found that the drainings from this were highly charged with carbonic 
acid gas, and that lime was held in solution by it, a fact which throws, 
perhaps, some light on the phenomena of the formation of kankar.” 



ON THE 


MINERAL PRODUCTIONS 

OF THAT PART OF THE 

HIMALAYA MOUNTAINS, 

LYING BETWEEN THE SATLAJ AND THE KALI (GAGRA) RIVERS; 

Considered in an economical point of view: including an Account of the Mbics^ 
and methods of working them^ with suggestions for their Improvehnent. 

By captain J. D. HEllBERT, 9th Regt. B. N. L 

Late Sup. Min. Survey^ and Assist, to the Sur. Gent, of India, 

The surrey of the mountaias, of which I have had the superintendence, 
having been brought to a close, by order of Government, I have, in the 
selection and arrangement of my materials for the formation of a final 
Report, thought that the accompanying paper on the mineral productions 
of that tract might be acceptable to the Society. It forms a communica- 
tion intelligible in itself, and independent of the other details ; while it is 
not of a length to fatigue the auction. A subject as yet untouched by 
any pen, it may be not evetf ’without its interest. 

The metallic ores are the principal productions considered in an 
economical point of view, and the details relating to them, including an 

8 L account 
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account of the mines and the method of working them, constitute the larger 
portion of the paper. I have added such suggestions as have occurred 
to me, for the improvement of the ^ more obviously defective processes. 
But possessing little (if any) knowledge of practical mining, it is very pos- 
sible that my suggestions may not be always improvements. The reader 
will take them for so much as they are worth, and no more. 

As the subject is a popular one, 1 shall not affect any precision or 
refinement of method, but endeavour to communicate the ^ittle I know in 
the most intelligible form I can ; guided only by convenience as to the 
order in which I shall notice the different substances. They may be 
divided, then, into two sections — the first to consist of those which do not 
furnish metal, the latter, including all the metallic ores. 


I. 


Of minerals, not useful to the metallurgist, though otherwise produc- 
tive, the following are found : 

1. Sulphur. 

‘i. Green Sulphate of Iron. 

•‘I. Alum. 

4. Bitumen. 

5. Graphite. 

6. Gypsum. 

7. Limestone, and 

8. Potstone, or Indurated Tklc. 

I shall bestow a few words on each of these, and then proceed to the 
second section, comprising the Metallic Minerals. 


I. — Sulphur. 



PRODOcHOMSOK TS*;HIMALiyA. 


Ob 

’* l.^^^Sulphur. 

This substaticd appeansto deserve the first notice, if it be only for its 
value as an ingredient in the manufacture of gun.powder. During the 
late war, its price rose to £30 per son in Europe, and it would seem a 
subject not unworthy of attention, to ascertain in what quantity and at 
what price we could draw it from our own provinces. There are several 
sources of supply within tiiese mountains; but it is to be feared that the 
expence of carriage would neutralise any profit to be expected from the 
more remotely situated of these. It is found in the deposits of hot 
springs, occurring in the bed of the R&mgmgA, and of the Oaijia rivers; 
in the province of Kamdun, mixed with carbonate of lime, from which it 
is readily separable by a subliming heat. — ^It occurs in considerable quan* 
tity in some of the galleries of the lead mines at Mptcdr, on the T6»s, in 
JaunsAr. — It may also be obtained in the first roasting of copper pyrites, 
as is practised at the Par vs’ works in Anglesea, or of the ores of Galena, 
as was effected in the lead mines of Cronebanc, in Ireland. It is not easy, 
without furdier enquiry, to estimate correctly the amount derivable from 
these several sources. Doubtless it would be considerable, and proba-* 
bly greater than any demand likely, to arise immediately. 

2 . — Greett Sulphate of Iron. 

In connection with the dhposites of sulphur and.carbonate of lime oc- 
xurriog at the hot springs, .^here are also found extensive surfaces covers 
ed with an efflorescence of green sulphate of iron. This substance might 
be further obtained, in any quantity, from the iron pyrites of the mines. 
The conversion of the sulphuret into the sulphate is effected by reducing 
it to small pieces, exposing it to - the air, and, occasionally sprinkling it 
with water V 'Oj[>emtioiis isqui^ng little labor, -and involving no other ex- 
pence. ■ 

3 M 
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Alum has not (as far as I knowi) been yet found in Europe, other- 
wise than associated with the ar^llweous schists. In America, how- 
ever, a notice lately appeared, to ^hi^'some ' deg^ree of interest seemed 
to attach, of its having been found in micaceous schist. Ourmduhtains 
afford another example of this fact. Near Almdrah, in the bed of the 
Ctisilla, it may be seen as an extensive efflorescence on mica slate, and 
it is probable that, by quarrying and lixiviating the rock, profitable quan- 
tities of the mineral might be obtained. From observations made 
when I was occupied in other duties, and not so precise as to the exact 
nature of the mineral, 1 think it probable that there are many similar 
examples of its occurrence, and that it is by no means rare in our moun- 
tains. 

4. — Bitume^. 

, Bitumen occurs, but in no great quantity, if we may judge from the 
price it bears. It exudes from the crevices of a lime-stone rock, on the 
summit of the range between the Sarjii. and the R&mgangL On ex- 
posure to the air. it hardens. It is used by the natives as a medicine. 

b.-^Graphite. 

This substance has been found in round nodules of sizes, from one 
to three inches in diameter, scattered on the summit of a ridge composed 
of a highly carburett^ micaceous schist. No bed, or mass in titu has 
been yet observed ; but there is little doubt of the existence of such from 
considering the character of the rock, combined with the mode of occur- 
rence of the mineral; Many of the nodules are more or less contaminated 
with quartz and mica, while, in one speciimei^ the^e were portions of quartz 
that had much the appearance of veins. 

Almost 
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Altiiost all the nodules hare more or less of the metallic lustre 
on the outside, owing to the degree of friction they have undergone. 
But the fracture surface is always dull ; the composition being, appa- 
rently, fine earthy. On being rubbed or cut, it recovers its polish. That 
the absence of lustre on the fracture is dependent on its state of aggrega- 
tion or composition, as mineralogists call it, seems farther probable from 
its extreme porousness. One specimen, by some trials, appeared to absorb 
one-fourth of its bulk of water. 

The specific gravity of those specimens apparently most free from 
foreign contamination, varied .from 2'21 to 2‘26. There is little doubt 
that, in the case of a mineral like graphite, the specific gravity is a valid 
test of its purity. It is interesting, then, to compare these values with 
that generally assigned by the best authorities. Amongst the older 
writers, there is such a range of results as warrant t^eir rejection altoge- 
ther. Professor Mohs, one of our best modem authorities, assigns 1*8 to 
2*1 as the limits — Hauy 2*089, as an actual determination. Schrader again, 
who undertook a particular examination of the graphites from different 
countries, states the specific gravity of English specimens, remarkably 
pure, and one of them from Borrodale, at 2*32 to 2*48. However this may 
be, the mountain graphite is, certainly, of inferior quality — although I 
have succeeded in manufacturing a very tolerable pencil from it, and even 
in cutting out a small cylinder, such as is used in the patent pencil cases. 
It is also to be noted, that the graphite in England undergoes the prepa- 
ratory operation of being boiled in oil. It is possible that such a process 
may considerably improve the quality of the mineral.. ■ . 

The uses.of graphite are not confined to the construction of pencils, 
•and there is a demand fov very inferior qualities of the article.. Advert- 
ing to the increasing employment of steam engines, it may be safely said 

that 
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that a sufficient quantity of even the quality yeliound, Would not be with- 
out its value. It is well known to be the very best anti-attrition ap- 
plication for metallic surfaces, when mixed with tallow, or othUr greasy 
substances. A mixture of this kind is. useful, too, a preservative from 
rust for articles of cast iron, and it is equally found to improve tiieir ap- 
pearance. •. 

6.— &yps»m. 

Of the more bulky articles, Gypsum, of the discovery and geological 
relations of which an account is given in another part of this volume, is 
doubtless the most valuable. Its pure white color and granular composi-. 
tion, fit it for works of ornament. It is, however, probable, that its chief 
use in this country, for some time, would be as convertible into Piaster 
of Paris, and affording a material for cornices and ornamental work, to 
the banishment of jthe very rude productions of this kind we have 
hitherto put up with. There is, perhaps, sufficient quantity of it to an- 
swer any demand, lilftly immediately to arise. When the Government 
House was lak repaired, 4t was considered desirable to obtain a sufficien- 
cy for the purpose above indicated ; but the fact of its occurrence within 
our mountain province was not known at that time. As it is within fifty 
or sixty miles of water-carriage, it might be expected to pay for its 
transport. 

• ' 7. — Limtst&He. 

Marille is the rock next in value. Although it is not foufid of 
very brilliant colours; vyet it is not deficient in beauty, and might, I 
think, be found to defray the expences of working. It is indubitably 
superior to the very Coarse martdcfs ' of the Western provinces. A white 
dolomite, of a fine graih, appr0W5hi»g-«0 Compact, is found in many 
places,' A variety, exactly anSweifinf ■fid the description of the Iona 

marble. 
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marble, occurs at no great distance from the plains, and trould certainly 
be admired. Another, at no great distance, is a ilesh-colored dolomite, 
with purple clouded delineations, which, to judge from hand specimens 
that have been worked and polished, promises well. All the preceding 
are 6ne grained, almost compact. A marble of a more crystalline grain 
is found on the road to Bhadreenath, above the Bisheu Oumga. This is 
a large meuis ; but> perhaps, too far from the plains to be of any value. 
Rolled pieces of crystalline limestone are found in many of the torrents 
within the zone of greatest elevation, proving that beds of this rock are, 
or were to be found within that tract. 

8. — Potstone, (Indurated Talc.) 

This rock may be substituted for many of the purposes of the for- 
mer. It admits of considerable, though not equal polish, and in its great 
sectility, and the consequent facility of shaping it, there is an advantage. 
It may. be cut with a knife, and by means of chisels, rasps, and files, 
may have any delicacy of ornament impressed on it. It may be turned in 
the lathe, and in this way are farmed in Europe vessels, which are used for 
preparing food, having the advantage of standing the moat intense heat : as 
a material for small furnaces and crucibles, it is valuable on this account. 
In ornamental work, its inferiority of polish and peculiar oily lustre, 
prevent its emulating marble — yet it is not without its beauty and its 
correlative gem — the chrysolite, which has something of the same pecu- 
liarity of appearance, is highly valued. So well are the uses of this 
stone understood in Europe, that at Chiavenna in Itafy, it is said, a ve- 
ry considerable trade is carried on in articles manufactured from it, 
amounting to fprty thousand piastres yearly. In Ireland,^ where, as in 
these mountains, it has been found in a primary formation, containing 
also copper, it forms a profitable article to the proprietors of the mines. 

3 j, Serpentine, 
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Serpentine, a mineral nearly allied to potstone, has not yet been 
found, except as an ingredient in other rocks. On the other side of the 
K&U river, (the boundary of the British authority,) it is found in suf- 
ficient quantity. The natives apply it to the same uses as we do, i. e. or- 
naments, and small utensils of various descriptions. I have seen a very 
beautiful specimen— the handle of a small knife in a Kk&keri, sent 
as a present. I have myself two large specimens of a very good quality, 
obtained through the kind assistance of Mr. Tbaill, the Civil Com- 
missioner. , 


9. — Granite. 

By a certain latitude of expression, granite, though not exactly a 
mineral, may be ranked under the head of mineral productions. There 
is a very beautiful porphyritic grey granite close to the cantonment of 
Almorah, which would furnish fine ornamental pillars, or slabs of any size, 
and to any extent. Under this head also may be noticed, a variety of 
loadstone, which has been found in fragments, and the original mass of 
which is doubtless to be detected. It has a greenish grey basis, with 
white crystals interspersed, and when polished, has rather a beautiful 
appearance. 


10. — Borax. 


Borax, though not occurring within the British tract, yet as forming a 
valuable article of commerce, should not be omitted. The whole supply 
of the European market passes through these mountains. It is found in 
a lake, which would appear from some accounts, to have the power of re- 
producing it. It is sold at the Bagistvar Fair, (twenty-three miles from 
Almorah,) in two states, picked and unpicked. The first consists entirely 

. of 
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of crystals, varying in length from one, to one-eighth of an inch. These 
crystals are very flat hexagonal prisms, with trihedral summits. They are 
of an oil green color, and nearly, if not quite, opaque. In the other state, 
it contains a good deal of Borax-dust, which consists either of very mi- 
nute crystals, or of fragments, broken off the larger crystals, of the sand, 
or earth, forming the substratum of the lake, from which it is procured, 
and (not unfrequently) of impurities, with which it is fraudulently adul- 
terated. The picked Borax (or larger crystals,) is, itself, very far from 
being pure, and the method of purifying it, is said in England, to be a 
secret confined to a few — I could perceive no difficulty, beyond the length 
of time required for the deposition of the peculiar matter by which it is 
contaminated. 1 have found Borax of one solution, perfectly equal to 
the purposes of the arts. When pure, it is quite transparent, and nearly 
colorless. It is an article of such great utility, (for its actual uses are 
limited by the high price it bears) that it appears desirable the purifica- 
tion might be performed on the spot instead of transporting it to such 
a distance in its impure state, thereby enhancing the price. Indeed, ow- 
ing to tlie high duty, which amounts to a prohibition, the price of Borax, 
in the Calcutta market, whether raw or purified, is the same, viz. four- 
teen to seventeen rupees a maund. At Bagitwar it is five rupees. 

The preceding details are sufficiently meagre, but this must neces- 
sarily be the case as none of the substances found in our own provinces, 
have yet been sought for as articles of commerce : so that, except the 
mere fact of their occurrence, there is little to communicate. In the fol- 
lowing Section, which includes an account of the mines worked, I shall 
be more full ; though I fear there may still remain many deficiencies, and 
many particulars of interest to be supplied. 


II. — Metallic 
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II. — Metallic Productions. 

The metallic productions of the mountain provinces, though hitherto 
inconsiderable, as far at least as regards the quantity of metal raised, 
might, it is probable, under judicious management, become profitable 
enough to repay any attention bestowed upon them. No mine of the 
precious metals has yet, it is true, been found within the limits of the 
British authority, although the discovery of such beyond the frontiers is 
said to be far from rare. There are, however, circumstances which seem 
to indicate the existence of gold within the limits of the British tract. 
Several of the mountain rivers which have their sources within this tract 
are known to furnish gold; and, though the produce at any particular spot 
be scanty, yet when we consider the whole extent of surface from which 
the metal is obtainable, the quantity is far from inconsiderable. At all 
events, the fact furnishes proof of the actual occurrence of gold in some 
part of the strata which these rivers traverse. In the case of the JRdw- 
gangd, the supply is traced to a tributary stream, called the B6ni Gangd, 
which has its rise in the lower mountains, as it is only below the conflu- 
ence of the two that the sands are found productive. In that of the Som 
Nadi, it is still more limited, as that stream has a very short course 
wholly within the PalH Ddn. And with regard to the Alakamndi, I 
may mention that I have a specimen of granite, I obtained at Kidarmth, 
one of the sources of that river, in which occurs a speck of native gold. 
Considering, indeed, all the circumstances of the case, it is, I think, far 
from improbable, that gold will yet be found in its native matrix within 
our mountains.* q/ 

♦ Such a diwovery ia, however, more likely to be the effect of accident at aome diatant period 
when the progreaa of population and improvement together aliall have left acarcely a apot unexplored’ 
That a ayatematic aearch holds out few hopes will be evident from considering the history of sold 
mines alt over the world. How fruitless the most prudently conducted examination of n tract po- 
sitively known to contain gold, and in some quantity, may turn out, it to be seen in the detail of 
the proceedings adopted in Ireland, to trace the gold found in diluvial gravel in the County Wick- 
law, to its parent source. The reason of this, at well at of the inferior productiveness in ffmiral 



PRODUCTIONS OF THE HIMALAYA. , 


237 


Of copper, lead, and iron, the metals next in value, there is no defi- 
ciency ; or I should rather say, there ought not to be any ; for the actual 
produce in any of these metals, is trifling in quantity, and inferior in qua- 
lity. There are many considerations which combine to prove that the 
mountain tract, extending from the Sellej to the SrahmapAtm, is rich in 
copper. With regard to iron, it may be said to constitute a considerable 
part of thecountry ; either as a constituent of rocks, in the form of ironstone, 
or in the numerous and extensive beds of the better defined ores. Lead 
also is found in abundance ; and is worked as well as the two preceding in 
many places, and with considerable profit. With regard to tlfe other me- 
tals, little is known. Antimony is found, combined with lead and sid- 
phur; but the ore is not worked. Manganese has been detected as enter- 
ing, in small quantity, into the composition of one of the iron ores. Perhaps, 
were its characters and value known to the miners, it might be discovered. 
Arsenic, in the state of sulphuret, is imported from beyond the frontier ; 
but I have not heard that it has been found within our provinces. Of the 
rarer and less extensively useful metals, it is impossible to pronounce with 
certainty. There is, of course, a probability, that some of them whiph may 
be said to be geologically connected with the existing formations, will be 
found. Norddls their non-occurrence hitherto, militate against that proba- 
bility; when it is considered, that their properties and value are alike un- 
known amongst those with whom the task of discovery has hitherto rested. 

The metals which yield revenue; are,coppER, lead, and ikon. The 
GOLD obtained from the sand of rivers ; paid during the Oorkhali rule, a 

«mall 


of minei of the precioui metali; may be found in their comparttirely small produce, thereby occa- 
sioning an expence in searching for or raising them,'whicb, in most cases, more than balances their 
superiority of value. R is the accidental discovery where no expence has been incurred, or the 
falling on a rich vein in a mine already worked which constitutes the prizes in this lottery. For one 
who makes his fortune, hundreds lose. 

3 o 
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small duty ; but the amount was too trifling to render its continuance ex- 
pedient, and it was accordingly abolished by the Commissioner. 1 think, 
however, the amount of metal obtained from this source, might be increas- 
ed by attempting the operation on a larger scale. Hitherto the work of an 
unassisted individual; who has neither means or inclination to do more, 
than will earn his daily pittance ; and who compelled to execute every 
part of the process himself, necessarily loses time, and does nothing well ; 
it is not to be wondered that the produce has been trifling. Mercury is used 
for the final separation of the gold ; but it is driven off again in an open 
vessel, andseonsequcntly lost. On the small scale on which they work, this 
is not felt to be a loss. The common account is, that a man’s daily labor will 
earn him two annas : but this estimate is certainly much under the truth. 

The method followed is abundantly obvious. The gravel in which 
the gold-dust is always found ; and which in some rivers is the superficial 
deposit, in others, liesnnder a bed of sand ; is collected in heaps, and wash- 
ed on a stage, or imperfect riddle, made of bamboos. The pebbles of any 
size are retained by this, and then rejected ; while the sand which passes 
through the interstices, is carefully preserved. When a sufficient quantity 
is collected, it is put into a wooden trough, of about ,three,ito five, feet in 
length, and a foot broad: being filled with water, the whole is agitated by 
the hand, and such a degree of inclination skilfully given, as shall carry 
off all the lighter particles ; leaving a heavy black sand, behind. It is in 
this sand, that the particles of gold are found. It is triturated with quick- 
silver, which takes up the gold ; and the amalgam being separated from 
the still remaining impurities, is set over a fire to evaporate the mercury : 
the gol# remaining behindjib the vessel. 

Of the mines, at present, worked in these mountains ; those which 
yield copper, arc undoubtedly the most important. With regard to the 
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IRON Baines, although they do not hold out an equal prospect of immediate 
advantage ; yet there is little doubt, but that the revenue derivable from 
them also, might be much augmented ; and, with very little modification of 
the present processes. Eventually, they may be found the most valuable 
of all ; but this must be the result of a state of things, not in existence at 
present. The lead mines are next in importance ; and judging from their 
former value, (which was greater than the total amount of all the mines of 
whatever metal at the present day;) they would seem to be, even not much 
less worthy of attention. 


1 . — Tiie Copper Mines. 


There are seven copper mines ; or 1 should say, seven places where 
copper ores are extracted ; for at some of them, the mines or excavations, 
are very numerous. These seven localities, with the rent they pay, are 
as follows : 


Dhanp6r,* . . 

Dhdbri, 

Gangdli, 

Sira, • .. 
P6kri, . . 
Khari, 

Shdr Gurang, 


} 

} 


1200 Rupees 
1000 


per annum. 


600 

40 

50 


None of these are very advantageously situated, considering the' expence 
of carriage in the mountains. But as buffaloesf may be extensively 

Slnployed 


* The localities of these mines, and of the other minerals, will be indicated in the Geological 
Map, which I hope toon to lay before ;he Society. 

f An average Buffaloe will carry two maunds, with great ease, up the steepest ascents. 



240 


ON THE MINES AND MINERAL 


employed on -good roads ; and the breed appears to thrive in these provinces ; 
it seems easy to obviate any objection, arising from the present difficulties 
of transport. 

Of the probable value of these mines, it is difficult to form any thing 
like a correct idea; owing to the miserably contracted scale on- which 
they have been, Jiitherto, worked. The chief thing of course to be consi- 
dered is, the productiveness of the several veins or beds of ore; for sup- 
posing the quality of the metal sufficiently improved, there is little fear 
of a market-being wanting.* It is not, however, easy, to obtain precise 
information on this subject: for the mines themselves are inaccessible to a 
European; or indeed to any, but people who, from their childhood, are 
accustomed to penetrate them. They resemble, as Mr. Traill has ob- 
served; rather the burrow of an animal, than the path of a human being. 
For this reason, it is impossible to speak, from actual observation, as to 
the productiveness of any particular repository of ore ; and all we can do 
is, to form probable guesses. In Chili, it would appear, that the average 
produce, of about 500 mines, is six tons each annually. From considering the 
rent of our Kmdun mines; and the price of copper (two rupees a seer;) 
allowing also, that the produce is double the rent; we«hall have only one 
ton, for the amount yielded by the Dhanpiir mine : and half a ton each, 
for those of Gmg/di, Stra, and Pdkri The others, are too small to be 
worth considering. Supposing then that these four mines, have naturally 
an equal average of ore, with thosg of South Amrica ; we see that there 
is great room for improvement, and a fair prospect of advantage. On the 

average of six tons for each of these four mines ; Kmdun would yield 

% 

* twenty-four 


* It appears by Captain Halls work on South America, that notwithstanding the quantity of 
Copper thrown into the market by the Hon’ble Company ; the greater part of the produce of the 
mines of Chili, (3000 tons annually) finds its way to the Calcutta market. 
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twenty-four tons annually, instead of two and half as at present : and the 
revenue ought to encrease in the same proportion ; that is, from 2700 , to 
27000 annually. But this is not all. There is little doubt of the existence 
of the ore in many other places : and were an improved system to be intro* 
duced, and the value of the metal consequently to rise in the market ; a sti- 
mulus to investigation would be given, which might reasonably be expect- 
ed to lead to the discovery of other sources of the ore, at present unknown.* 

The principal mine, in point of value, D/utnp&r, owes its rank in the 
scale, not only to the great value of the ore yielded ; but also to the nature 
of the rock in which it is situated. This rock, a red dolomite, is of such 
consistence, as to require seldom, if ever, any props for the support of the 
roof; and scarcely any additional expence, after the gallery or chamber 
is once excavated. Whereas, in the others, the rock is often so tender as 
to require timbers for its support; and even so supported, it fails every 
year in the rainy season ; when a new expcnce is to be again incurred, 
without the prospect of hny immediate advantage. . This, is more par- 
ticularly the case, with the Pokri mines. In the Dhanpttr mine, the 
work once elFected, there is no occasion to repeat it ; and every foot of ex- 
cavation made good, is a permanent acquisition. An equally important 
advantage is, the continuance of the working season all the year round. 

The compact structure of the rock, or perhaps the great elevation 
of the mine, and its proximity to the suq^mit of the mountain; gives it 

another 


* I am told that the mine at P6kri, called the Raj Khan^ yielded one year 50,000 Rupees : 
and at Dluinpur^ it is known that in consequence of an earthquake which shook the mine and laid 
open new veins of ore the profits of the lessee were, thot year, very considerable. Every one who 
travels in the mountains, must bo struck with the numerous indications which present themselves of 
the existence of this metal. While writing this paper, a new vein of ore has been discovered, and 
leave asked to work it. 
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another superiority which is no inconsiderable one : a freedom from wa- 
tOr, and consequently, from the expence and trouble of drainage. One of 
the effects of this advantage is, that the miners have been enabled to fol- 
low the deposit of the ore, in all its ramifications and changes of direction : 
and the interior of this mine, presents quite a different appearance from 
that of others ; being a succession of chambers, situated at various levels, 
and in various directions. 

The ore is of that kind called obey coppeb ; (the Fahlerz of the Ger- 
mans.) Many species, chemically speaking, perfectly distinct, have been 
confounded under this name. Four at least are certain— one of which con- 
tains iron as well as copper ; two, iron and arsenic, but in different propor- 
tions; and the fourth, ironYind antimony. They are all sulphurets, and 
the yield of copper is from thirty to fifty per cent ; that is of the pure mi- 
neral : for no working ore, can ever be expected to give that proportion. 
The Dhanpur ore, is the most valuable of the four : and contains fifty per 
cent, of copper ; besides iron, and sulphur. It isYilways amorphous, either 
massive or disseminated. Green carbonate is sometimes found, but in 
no quantity. 

The P6kn mine, or mines, are situated in a talcose schist : which 
on one side, passes into a talcose gneiss; and on the other, into achloritic 
schist. All these rocks are so soft, and even rotten; as to have render- 
ed vain every precaution of the miner: and the galleries excavated, have 
been constantly subject to accidents. When I visited the place; they 
had all fallen in : and, there was no lessee. I was unable, therefore, 
to procure proper specimehs : and can only judge from the imperfect 
indications observed, in examining the rubbish of the mine. These seem- 
ed to point to, VITREOUS, and, purple copper ; the two most valuable 
of the sulphurets: the former, yielding eighty per cent, metal. The 


waters 
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waters from this mine were observed to be impregnated with sulphate of 

COPPER. 

The Stra, and Gangoli mines, are situated in beds of indurated talc, or 
polstone; which are again, enclosed in dolomite. Occasionally the former, 
occasionally the latter rock, forms the roof, and sides, of the mine. The 
dolomite, has a large crystaline grain ; and great tenacity ; and forms a per- 
fectly durable work, when excavated. It is not so, however, with theotlicr : 
at least, not always. When massive, it is, 1 believe, to be depended on : 
and it has then, a great rccoinmendaliori in its extreme sectility; and the 
ease with which it is worked. But it occurs, sometimes, of such inferior 
consistence ; having mucii the appearance of ve-united debris ; as to require 
support : and to occasion much inconvenience, and even, danger. 

Theore, at each of these places, is copper pyrites. I have never seen 
any crystallised specimens. It is accompanied by iron pyrites: which 
is occasionally found in the pentagonal dodecahedron ; but most commonly, 
in such irregular and anomalous forms, as are with difficulty, describable.* 
I have observed specimens also of Grey Copper : but in small quantity. 
The working ore is, no doubt, copper pyrites ; and the (quantity of copper 
it contains, may be taken at thirty-five percent. This is, of course, to be 
understood, as before remarked, of the pure mineral : uncontaminated 
by the matrix. 

The Khari, and Sh6r Gurang mines, are similarly situated— the ore 
produced, is in so small a quantity, as not to require any lengthened notice. 
I have observed grey copper, copper pyrites, and carbonate or cop- 
per ; chiefly, if not always, disseminated. An important advantage, which all 

the 


* Possibly composite forms. 
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the mountain ores, 1 have yet seen, possess ; is a freedom from any mixture 
or combination of arsenic : a metal which, above all others, deteriorates 
the quality of the copper; and is most difficult to remove. 

The method of working these mines, is, with the exception of that at 
Dltatipur, (which has already been described) as follows. A gallery, or 
passage, is cut into the face of the hill ; with such slight declivity outwards, 
as is sufficient to carry off the water. Where the rock may happen to 
require it ; frames of timber, rudely, and even carelessly constructed, are set 
up: to support the roof and sides; and save the miner, from being crushed. 
Accidents, however, do happen : and men are, sometimes, lost. The size, or 
section of the gallery, is always small : in those parts, where the hardness 
of the rock, occasions any difficulty in working it ; scarcely sufficient to 
admit a person, in a creeping posture. In noplace, will it admit of an 
erect position. 

The ore, as well as the rock, is detached by means of a very inefficient 
pick : and by chisels, or cutters; and hammers.— It is removed from the 
mine ; on skins, drawn along the floor of the gallery, by boys. In some 
mines, great part of this work must be performed in a creeping posture. 
The ore being delivered at the mouth of the mine ; is reduced to small 
fra|;mcnts, by the hand. At Dhanpur, however, this work is done by the 
paucliakki, or water mill. It is next roasted in an open fire, or forge 
hearth ; the fuel being charcoal ; and the heat occasionally urged by two 
air bags or skins, which are alternately shut and opened by the hand. 
After being tlius imperfectly roasted, it is smelted : but for this important 
operation, the same forge hearth is made to serve ; and the process is re- 
peated, till the metal is sufficiently refined. 1 do not know of any flux be- 
ing used; to accelerate the scorification, and separation, of the less valua- 
ablc metals. 

The 
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The whole system, thus briefly described ; is evidently, extremely rude, 
and inefficient. Worse methods, I do not think, could well be devised. 
They are, however, the natural result of the contracted views and want of 
enterprise, of the native character. It would, probably, be difficult to con- 
vince them ; that any system of working, requiring an increase of outlay ; 
could possibly be equally advantageous. It is hardly to be expected, 
therefore, that they will ever qdopt any improvements of this kind : until 
at least, they can have the proof of direct experience ; in favor of the greater 
profit, they may bring. Any important amelioration of the system, must 
then proceed either from the Government, or from some European capi- 
talist: and when the advantage of the new methods shall be clearly seen in 
an increased produce, and improved quality of metal ; it is possible that 
then, but not till then, the mountaineer also, may begin to adopt them. 

• 

In England, the copper mines present a scene, perhaps, the first in 
the world, (except in the coal-mines of the same country) for commercial 
enterprise, scientific combination and mechanical skill. Such a system has 
been the growth of circumstances; and is only fitted to those circumstances, 
and to that country, in which it orginated. To attempt working these 
mines, on any thing like a similar scale; would be absurd: at least, before 
the productiveness of the several repositories of the ore, be clearly as- 
certained; and facilities of transport created, which do not at present 
exist. But, there are many modifications and improvements, which seem 
perfectly fitted to the state of things in the mountains ; and which would 
involve little additional expence to the present outlay. In fact, there 
seems a wide interval, between the Chilian and English systems ; while the 
modifications here contemplated, would probably, stop short of, even, the 
former. Supposing the expediency of such improvements, or a part of them 
generally admitted; they must, I think, to have justice done them, be in- 
troduced under the orders of government, in some mine, the lease of which 

3 Q may 



ON THE MINES AND MINERAL 


may be retained for the necessary period. They would, at least, have 
the good effect of enabling iis to obtain better data; for judging, whether 
or not, any further improvements and extension of the system, would be 
advisable. In the former case, experienced and practical people might 
be invited from England; for the purpose of improving the various opera- 
tions of mining, roasting, smelting, refining the ore, &c. 

• The improvements which appear to me suited to the actual condition of 
things are as follows. The present narrow and inaccessible galleries should 
be enlarged; so as to admit, not only of an erect position, but of a man’s 
working with effect, in them. This, of course, only applies to such as fur- 
nish a sufficientsupply of ore; orto new galleries just commenced. Vertical 
shafts should be sunk when advisable, so as to admit of the ore being fol- 
lowed with effect. Tn many cases, however, this would be perfectly im- 
possible ; from the nature of the mountain, in which the mine is situated. 
Strong and effective timbers should be put up, for the support of the rock, 
when at all likely to fail: and to effect all these purposes, proper tools, made 
of good iron; and not the inferior kind, at present used; should be provid- 
ed. The method of splitting rocks, by the wedge ; and by blasting ; might 
be introduced with advantage: and generally, such other practical improve- 
ments, as, though readily suggesting themselves on the spot, are not easy 
to ISe enumerated connectedly. 

With regard to the drainage; the present system is, perhaps, the 
cheapest that could be devised, as far as it goes : but it is only calculated 
to meet, one, of many numerous cases occurring in practice. Should 
the ore be situated below the level of the mouth of the mine; some 
method is then required to raise the water, which will flow into the 
new excavation, to that level, at which it may flow out. At present, 

1 am inclined to think, that much valuable ore is lost ; owing to the 

difficulties 
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difficulties which present themselTes, when the bed or vein sinks to an 
inferior leyel. And it is certainly, to the absence of water, in the Dhan- 
pur mine ; and the consequent facility of following the ore, in all its de- 
. viations ; that its higher value in the scale, is mainly owing. Simple 
methods of raising water, might then, 1 think, be advantageously employ- 
ed : such as the endless chain of water pots, used in the upper provinces ; 
or a pump, or set of pumps, to be worked by manual labor. In raising 
water or any weight ; where great power is required ; one of the most use- 
ful mechanical inventions, is thd double capstan: a contrivance, which is 
at once, eminently cheap, simple, and efficacious. In many cases, where 
the deposit of ore has a downward direction ; a second gallery, at a lower 
level, may be conveniently established ; probably,in most cases, this method 
of double galleries might be advantageous. A great progress must be 
made in the system here qontemplated ; before a Steam Engine, even of 
small power, could be introduced with any thing like a prospect of 
profit. 

I have mentioned the principal points of improvement in working the 
ore. In delivering it from the mine ; wheel barrows ; or still better, sledges 
on four wheels, should be adopted ; instead of the skins at present used. 
It seems, however, doubtful, whether the introduction of goats, to draw 
such sledges, would be any improvement. They are used extensively in 
the upper mountains, for carrying burthens. 

In reducing the ore to fragments ; the Dhanpur miners employ the 
PanehaU, or water mill. When water is present, no better plan (I mean 
consistent with the economy here contemplated,) can be devised ; when 
waterds not to be had, in sufficient abundance ; a simple arrangement of 
stampers, might be preferable to the method of doing it, by tke 

hammer. 

It 
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vit is, however, in the roasting, and smelting op^tion, that the great- 
est room for improvement is to be found; and the greatest prospect of 
advantage from a change; as the immediate effect of this would be, to raise 
the value of the metal produced. For the present open hearths, and air 
bags ; 1 would substitute a system of reverberatory furnaces ; of different 
draughts, for the two different processes, of roasting and smelting. An 
excellent material for constructing them is at hand, in the rock, I have cal- 
led potstone. Perfectly compact, and equal to any resistance ; infusible 
in the strongest heat ; while it is so soft a* to be cut with a knife ; it is 
difficult, even to imagine, any substance better fitted for such work. It 
might be advisable, in an economical point of view, to construct the roast- 
ing furnaces in such a manner, as to collect the sulpW at present lost ; 
.an object not difficult to be effected. 

Even the introduction of the simple blast furnance used in Chili, (and no- 
thing can be simpler) would be an immense improvement. It is of a circular 
shape; similar to a lime kiln ; and covered with a dome, to confine and con- 
centrate the heat. The ore is arranged in it, in alternate layers with the fuel, 
which is wood; and being lighted, it continues burning for a considerable 
time. When required; the heat is urged by a double pair of bellows, work- 
ed by a crank, turned by a water mill. The mere substitution of an efficient 
bellows, for the air bags, used at present, \rould be no trifling advantage 
gained; but I am of opinion, that a wind furnace is greatly preferable to 
all these half measures, in the saving of manual labor. Nor is it so much 
more expensive, even at the outset, as might be imagined. 

. The methods of reduction practised in England ; where, certainly, the 
subject is best understood; vary with the ore, and even with the establish- 
ment : but the differences are trifling, and affect only the minor details. The 
two great obj^ts to be effected, are--first, by a properly regulated heat to 

drive 
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drive offthe volatile ingredients, sulphur, and arsenic; and to oxidate the 
iron, thereby promoting the fusibility of the ore, and consequent separa- 
tion of the copper from the scoria when in fusion : and, secondly, by an 
intense and properly directed fusing heat, to effect the vitrification of the 
impurities ; which thus form a slag at the top, and are skimmed off, while 
the metal sinks down in a comparatively pure state. To promote this 
vitrification of the ingredients, occasional additions are made to the ore, as 
the case may seem to require ; though, in general, the run of the ores is 
such, as to require little beyond a few slags of an old smelting. Calcareous 
flux has been used at some works ; and this is at hand in the mountains. 
A most valuable and effective flux, for the reduction of ores, in the small 
way, (for experiment) is borax. Whether it might not be used on the large 
scale, here, where it is so much cheaper than in Europe ; may require’ 
some consideration, and some practical trials. 

The operations of roasting and smeltin g are repeated several times — 
each smelting being followed by a roasting — to expedite which effect ; the 
copper is after each smelting, but the last, let into water to be granulated. 
This separation of the metal into such small parts, assists of course, the 
calcining power of the furnace, and the work is more speedily effected than 
if performed on the mass. After the last smelting comes the process of re- 
fining, or poling, as it is technically called. It consists in keeping the copper 
in a melted state, covered with charcoal ; and introducing from time to time 
a wooden pole into the melted metal ; which causes considerable ebullition, 
owing to the evolution of gaseous matter. It is occasionally assayed, in 
order to judge how the process is going on ; by taking out a small portion, 
allowing it to cool, and breaking it in the vice. By the colour and general 
appearance of the fractured surface ; a judgment is formed, as to whether 
the poling has proceeded far enough. This operation which gives the 
metal that perfect appearance, always looked for in the market; is 
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unknown to the mountaineer. It is probable, that it would materially 
improve the quality ; or at least, the appearance of the article. 

Lead is sometimes used, both in Hungary, and England, to expedite 
the previous operations of the refinery. The oxides of this metal, are 
amongst tlic most powerful vitrifiers known: as such they are effectual in 
the assay and refinement of the precious metals ; and as such they may be 
used also withcopper: but the process requires attention, as if not stopped 
in time, or too much lead added ; the copper itself will be oxidated and vi- 
trified. Applied with proper caution, it would, no doubt, be a most useful 
material to the mountaineer; and the occurrence of this metal, in the 
vicinity of the copper mines, obviates every objection on the score of 
expcnce. , 

On the supposition of Government establishing an experimental 
mine; I would propose that all the different processes of mining, extract- 
ing the ore, rernoving it, for pounding, roasting, smelting, refining, &c. 
should be performed by the job, and not by the day. This, which is one 
of the most important improvements in modern management, is particu- 
larly necessary on a new experiment ; because it makes it the interest of 
the people employed, to co-operate with, instead of endeavouring to thwart 
us ; the implements, tools, apparatus, furnaces, &c. to be all furnished at 
the expence of Government; and a given tale established for the different 
kinds of rock and ore, both for removal from the mine, and for the cal- 
cining and smelting of the latter. 

2 .— Iron Mims, 

The foregoing includes all that immediately suggests itself, as feasi- 
ble improvement in the management of the copper mines : I have pro- 
posed. 
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posed, I think, no charge that would not, in a very short time, more than 
repay the expence incurred. With regard to the iron mines, I shall also 
mention a few particulars ; which, if attended to, would materially increase 
the revenue derivable from them also. I am informed by the Commissioner 
that the united rent of these mines, which are very numerous, does not 
exceed the sum of 1500 Rupees per annum ; while the iron is of the very 
worst quality, and yet bears a price, in the Almora* Bazar, not much less 
than that of the be.st English iron, deliverable at Bareilly. 

The process of manufacturing iron from its ores, is so far different 
from that of copper ; in as much as, none but the oxides of the former me- 
tal are ever employed. In the copper ores (that is, in those which occur 
in any quantity;) the metal is combined with sulphur : which can be only 
driven off by repeated roastings ; employing such a draught of air as to 
acidify it, the more effectually to separate it, in the latter stages. In the iron 
ores; the metal is united to oxygen; and mixed with various earthy impu- 
rities. In reducing these ores then, there are three distinct points to be 
attended to — First, the provision of a substance, which shall effectually 
take the oxygen from the ore ; leaving the metal mixed, only with its 
earthy constituents: 2ndly, The proportioning the Uux used, to those 
earthy ingredients; so as to ensure a complete vitrification of them, and 
separation from, the metallic particles: and .‘Idly, A sufficient heat, to 
fusethe latter; that the separation, and reduction, may be more complete. 
The first point is attained, by using a sufficient quantity of charcoal, in 
the reduction of the ores ; the second, by adding, as the ore may require 
it, limestone or other flux ; and the third point is only to be effected, by 

using 
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n ff i ng 8 powerful blast ftimace. Though it be, no doubt, possible to con- 
struct wind furnaces, of such draught as should smelt iron ; still it is, 1 be- 
lieve, more economical, as well as more certain, to trust only to a powerful 
blast. 

The mountaineer reduces his iron ores in the manner already des- 
cribed for the copper ores. But from the imperfection of the method, the 
great waste of heat ami non-employment of a proper flux in refractory 
ores, the iron is never smelted, but comes out of the furnace in porous 
knobs very much the size and shape of the original pieces of ore. These 
might, however, with proper management, be manufactured into a saleable 
iron ; but the miner is contented with selling them in this state to the 
blacksmiths who, again, are very sparing in labor when shaping them into 
the pigs in which they are finally sold in the bazar. 

In as far as such a lazy process may be compared with one which 
furnished metal of the very best quality, we may say the mode practised 
in the mountains is similar in its general features to the ancient methods 
which prevailed in Europe. These have, however, long been superseded 
by more economical processes, each of which is adapted to the particular 
kind of fuel and ore of the country in which it is employed. The English 
method, which employs coal as the fuel, does not require to be considered 
here; but the Swedish, in which charcoal is the fuel used, appears from this 
circumstance, from the simplicity of the apparatus and the small outlay of 
capital required, particularly fitted for these provinces, and not unworthy 
of attention and encouragement firom the Government. It is well known 
that the superiority of the Swedish iron over the English, is mainly owing 
to the nature of the fuel used; although it is a/50 true that the Swedish ore 
i3chiefly,if notentirdy,ofthefirstquality^MAONETic ironobe. The form- 
er advantage ought also to hold in the case of the mountain iron ; but none 
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of the working ores, it must be confessed, that I have yet examined, ex- 
cepting one, is of the same species, as the Swedish. 

Specimens, however, of this ore have been found in different places ; 
and it is very probable that it docs exist in sufficient quantity, to become 
an object of consideration to the Government. The Bundelkhand iron, 
which is said to be one of the best after that from Gtoalior, is manufac- 
tured from the red oxide. The Gwalior ore I have never seen ; but con- 
clude it to be of the magnetic species, from a circumstance I recollect 
being mentioned by Captain Gerard, when surveying that country, of an 
unusual deviation of the magnetic needle. The mountain iron would, 
however, if carefully manufactured, have a sufficiently fair market, without 
any chance of being interfered with by either of those other kinds : and 
even supposing that the common ores should hold out little inducement to 
expend much on improvements in their reduction; still in the one known 
source of the magnetic ore, there is, apparently, a sufficient supply to 
authorize at least an experiment on a small scale. 

It may, perhaps, be said, that a full improvement of the quality of 
this iron, would interfere with the sale of English iron : but it appears to 
me, that it would chiefly supply the place of the Swedish in the market ; 
which is known to be in great request amongst the natives, under the 
name of “ Francese Loha.” English iron has not an extensive sale in 
India; even in England it is now well established, that all the best steel 
is manufactured from Swedish iron. English bar iron, however, bears a 
higher price than the Gwalior iron ; though the latter is more extensively 
used amongst the natives. The former is sold at Moradabad^ for 4;J 
seers the Rupee; the latter at 6 seers. The mountain iron sells on the spot 
for 8 seers generally, that is about £14 a ton, which was the highest 
wholesale price to which the English iron attaii^d during the war; at 

3 s present 
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sent it is little more than ilO. The mountain iron- could be afforded at 
a much cheaper rate. 

The chief points, in which improvement is desirable, will be evident 
from what I have stated (Art. 30). The erection of proper blast furnaces ; 
the judicious employment of fluxes; and a more careful system of manu- 
facture; are all that is required to raise the quality of the metal, according 
to the ore used, either to a standard with the English iron or the Swedish. 
In the erection of blast furnaces, there seems no diiflculty in a country 
where water is to be commanded at every turn. Limestone, one of the 
fluxes most used, is at hand ; and all that seems required is a careful 
superintendence, to shew the advantage of the new methods in the first 
instance. 

These being once established, it appears probable they would be ge- 
nerally adopted, when the object is to furnish so generally useful a 
metal in a purer and more workable state. I have said nothing of the 
process required for bringing the fused metal into a malleable condition, 
as it offers no difficulty. Water may here also be advantageously used as 
the moving power for the great sledge hammers, with which the fused 
metal is to be beaten. 

The iron ores all belong, with the exception of those of two mines, to 
the species called bed oxide (fer oligiste of Hau v). This is aperoxyde of 
iron; containing, in its best-defined type, seventy per cent, iron, and thirty, 
oxygen. The working ore, however, often contains earthy impurities, 
which reduce the proportion as low as fifty percent, of metal. — Red ii.£ma- 
TiTE, a variety of this species occurs in a very extensive bed in Gneiss at 
Dhaniakdt, on the CosUtah. It frequently contains small veins of mica- 
ceous IKON ore of a highly splendent lustre. At Ramgdr, on the road 
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from Bhamdori to Almdrah, it passes into the variety called scaly ibon 
ORE, consisting of loosely cohering glimmering particles of a steel grey or 
iron black color, strongly soiling and feeling unctuous to the touch. These 
beds, though distant many miles, are, I think, connected beneath, and 
from one and the same deposit. — Both of these varieties are said to yield 
very good iron; the first, particularly. Compact red iron ore, occurs in 
a clay slate containing beds of lime-stone at KatsAri, on the Rdmganga, 
in masses composed apparently of fragments more or less angular, reunit- 
ed by a stalagmitic incrustation. The iron manufiictured from it is esteem- 
ed the best in the province of Kamaun. It is tlie only ore which has any 
adjunct of calcareous matter ; and to this adjustment of the flux by nature, 
is attributable, I think, the superiority of the iron produced. Near Kalsi 
on the Jem/w, there is an extensive bed of specular ikon ore. Tlie speci- 
mens which I have examined were fine granular, approaching to compact. 

In Cluiwgarka purguniiah, one of the excepted mines, the ore is the 
yellow {ot hydrated) oxide. It is of two varieties, the ochry and compact. 
The former sometimes contains octahedral crystals of magnetic iron ore, and 
in the neighbourhood of the mine, cm the summit of a small hill, there occur 
rolled pieces, composed.of grains of quartz, and small octahedral crystals of 
this mineral, cemented together. These pieces are magnets, and have each 
two poles. The ores of this mine contain manganese in small proportion, 
and would, consequently, afford a very good steel ; as it is to the alloy of 
this metal that the superiority of the steel manufactured from some of 
the brown iron stones, is generally attributed. The other exception is 
the mine at SU, in Biseher, where a mica slate occurs with disseminat- 
ed crystals, or grains of magnetic iron ore; in such quantity, asinfavora- 
rable specimens, to equal half the weight, or one-third the bulk. Some 
pieces of this slate have a specific gravity of 3,45. That of the ore itself 
is 4,8. The stone is reduced to powder by hand mills ; and by means of 
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a running stream, all the impurities are separated. There remains a blaek 
sand ; which however still contains about a fifth of its weight of impurities : 
this is smelted with charcoaUinto a porous mass ; which imperfectly beat- 
en, is sold to the lower mountaineers at the rate of eight and a half seers 
for the Rupee. The iron is said to be of excellent quality, and is in great 
demand for KMlcem. This is the mine at which I think it very desir- 
rable some improvements should be attempted, as holding out a fairer 
prospect of advantage. There does not appear to be any reason why 
tins ore, if carefully reduced, should not furnish an iron fully equal to the 
Swedish, The supply, too, is sufficient to justify the expectation of a con- 
siderable addition to the revenue. At present, the people state the pro- 
duce of manufactured iron as not exceeding three hundred Rupees ; but 
from the flourishiug and substantial appearance of the village, I should ' 
think it must greatly exceed this sum. 

3 . — The Lead Mims. 

Tim Lead Mines are numerous, and the supply of ore from some of 
them has been considerable. The most valuable are situated on the river 
Tonsc, at no great distance from the Dehra Din. There are three 
places where works, to some extent, have been, and are carried on; Aiyar, 
MaUjar, and Jiorilu. The first- named place is on the right bank of the 
river below the village of Blmtnir, and within the limits of Sirmur. The 
other two arc on the left bank, and are in Jaunsar, one of the mountain 
purgunnahs retained by Government; the superintendence of which, is 
vested in the Officer commanding at Dihra. The Borila mine formerly 
paid two thousand rupees yearly; the Mat^ar one, four thousand: the pre- 
sent rents are six hundred and fifty; and one thousand. The mines were 
always included in the assessment for revenue; and latterly owing to their 
alleged non-productiveness, the sum assessed has been limited to tlie 
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mere land tax of the mine at Aiyar. I could not learn any particulars 
regarding the rent, the people being uncommunicative.* 

With regard to the truth of their assertion, that these mines have 
ceased to be profitable, it is very difficult to judge. They are still worked, 
whidh is a presumption against it, but without a personal examination of 
the several galleries, and they are exceedingly numerous, it is difficult to 
say positively whether this assertion be correct or otherwise. I have 
however- little doubt but they might be made productive, by a more en- 
larged and perfect system of work ; and I found this opinion on the great 
number of excavations, clearly proving the original abundance of the ore. 
It is not likely, that the several veins or beds, have been exhausted by a 
system of mining which admits of no ventilation; and has no galleries, ex- 
ceeding probably two hundred yards in length. At all events some trials, 
and a closer examination, would seem to be advisable ; particularly when 
it is considered • that tjiere has been a falling off in the revenue, amount- 
ing to upwards of four thousand rupees yearly. To offer the mines to the 
highest bidder, would not be likely to elicit any light on the subject. It 
is not probable that any mountaineer could be got to undertake the 
work in opposition to those residing on the spot.f and having the advan- 
tage of experience. 

The mine at Bhatn6r is situated in clay slate. The rock where 
the mine penetrates is so tender and fragmentary, as when removed 
from the mine to have all the appearance of angular debris. Owing to 
this circumstance, the roof of the mine, as well as tlie sides, have occasion 

to 


* The village belongs to the R^jah of Sirmur. 

■j* On account of the difficulties a stranger (if a native) would have to contend with ; there 
would be, most probably, an organised opposition of the whole neighbourhood, to thwart him. 
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to be strengthened' by timbers. Notwithstanding which, they sometimes 
fall in, and the miners are killed. 

The ore is found, as I said, occasionally in quartz veins in the clay 
slate ; occasionally in the slate itself. The ore at Mahjar also occurs in 
a clay slate ; that at Borela, in a bed of lime-stone, situated in the* clay 
slate. At each of these places the rock is suAiciently firm to afford the 
greatest security, and no propping or timbers are required; but the 
labor of excavation is greater. At BIiatn6r, owing to the softness of 
the ground, the galleries are roomy ; and will allow of an upright posi- 
tion : at the other places, they are similar to the copper mines ; low, 
narrow, and tortuoqs. The supply of ore has evidently been consider- 
able, for the number of these galleries is quite surprising: at Bortla, I 
was told they exceeded eighty; and I see no reason to think that the 
statement is too high. 

At all three places the ore is the same, a steel grey fine granular 
OALXNA, having a specific gravity of 7,2 ; at Maiwar it is accompanied by 
IRON PYRITES, and in one gallery by sulphur. The mode of reducing these 
ores, is precisely the same as that already described for the copper ores ; 
the sulphur being allowed to go to waste. Similar improvements sug- 
gest themselves as advisable ; though as the metal is so much cheaper, 
and the process of reduction so much more facile, they do not appear to 
be so imperiously called for, as an amelioration of the system of working 
the copper. A singular fact is, that the ore and reduced metal sell, by 
weight, for the some price at Kdhi, thd nearest town. I could not learn 
the reason of this ; but suppose that the produce of sulphur, pays the 
expence of reducing the ore. 
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TABLES, 

EXHIBITING A DAILY REGISTER 

OP THE 

TIDES IN THE RIVER HOOGLY, 

AT CALCUTTA, 

FROM 1805 TO 1828 ; 

WITH OBSERVATIONS ON THE RESULTS THUS OBTAINED. 

By JAMES KYD, Esq. 


Having kept a Register of the day and night tides in the Hoogly, at 
Kidderpore, near Calcutta, since the year 1806 , for which the nature of 
my business, and my establishment afforded me facilities, and the perma- 
nency of my gage fixed at the dock head, rendering the results correct, 
beyond suspicion or doubt — I am induced to lay them before the Society, 
trusting that they may prove interesting. 

¥ 

To avoid the dry detail of a daily Register, I have drawn the heights 
of the tides in maps,* shewing the state of the river throughout the year, 
conveying at a glance, all that is requisite to be known for every useful 
purpose. 


The 
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The map No. 1, is made for the year 1806-7, and 1 have upon the same 
map, traced the tides for the year 1825-26. The phases of the moon in 
the latter year falling nearly on the same days, and thus enabling me to 
give two years together, and to shew the variation between them, at a dis- 
tance of nineteen years. 

Map No. 2, is similar to the first in principle, but has been chosen 
to shew three distinct inundations, that took place in the year 1823. 
The first of which was occasioned by the sea, and the second and third by 
the Ganges and Damoda rivers. The first was a very rare occurrence, 
happening not oftener, perhaps, than once in a century ; the last nearly 
as rare, but the second occurs every sixth or seventh year. 

Map No. 3, consisting of twelve parts, one for each month, is a daily 
and nightly record of the river, for the said remarkable year 1822-23. 

Map No. 4, gives a comparison of the range of high, and low water 
for successive years, from 1806 to 1827. 

These tide-tables, formed from a register kept for twenty-two years, 
establish, beyond dispute, the lowest fall and the highest rise of the 
Hoogly, and thus form natural points for the construction of a River Gage, 
for the purpose of obtaining, at all times, the levels that may be required 
for the formation of canals, docks, wharfs, and drains. They also shew 
the height of the river at all times of the year, a matter of considerable 
importance in the formation of public works, especially as the variation 
is so great, at its different periods. 

» 

I shall now advert to the local causes which affect the tides in the 
Hoogly. The maps commence with March, in the beginning of which 

the 
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the south'West monsoon sets in. With the south-west winds, the cur- 
rents set up the Bay of Bengal, and gradually raise the sea, at its bead, 
several feet, raising with it the Hoogly, long ere the freshes.are felt. The 
dotted curve line in map No. l,will shew this rising of the sea, and river 
by the wind, and currents. This cause continues till October; the pour- 
ing of the rivers into the Bay of Bengal, during the months of August 
and September, and the change of wind at the end of October, give the 
currents a set in the contrary direction, and gradually restore the sea 
and the river to the state they were in, in March. 

The effect of the two monsoons upon the currents, and the height of 
the sea, in the Bay of Bengal may, therefore, be considered as that of two 
long unequal tides, during the year, eight months of flood, and four 
months of ebb. • 

In conformity with these periodical local causes — partial ones have 
a corresponding effect, thus strong southerly winds raise the tides, in the ' 
Hoogly, whilst northerly ones depress them. 

The freshes, or floods of the rivers, are a prominent periodical local 
cause, operating upon the tides of the Hoogly at Calcutta. 

The Ganges begins to rise from the melting of the snow, as early as 
the beginning of May, but its rising does not sensibly afl’ect the Hoogly 
till the beginning of July, at that period, so large an accession of water 
is thrown into the Hoogly, that its level is bodily raised both at high and 
low water. The.last is so remarkable, that the low water of the freshes 
(neap tides) is higher than the high water (neap tides also) of the dry 
seaspD, by several feet. 
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The Damoda and western small rivers, or mountain streams, contri- 
bute very materially to the swelling of the Hoogly, and it is, probably, the 
influence of the Damoda, the R&pnarain, the Tongoraeolly, the Ilid- 
gelee, and even the Balasore river, (the latter situattd beyond the mouth 
of the Hoogly,) that occasions the height of the low water, by their acting 
as a dam, and preventing the ebbing of the waters from the Ganges, and 
higher streams, quickly into the sea. 

There is another local afiection of the tides, the cause of which I can- 
not satisfactorily explain. In the north-east monsoon, the night tides 
are the highest, whilst in the south-west monsoon, the day tides are the 
highest. 

A conjecture,may be hazarded that as, in both monsoons, the wind 
is generally liigher during the day than in the night, that the wind in the 
south-west monsoon raises the day tide; whilst 'in the north-east mon-. 
•soon the wind, during the day, withholds and depresses the day tidi ; but 
this is not entirely satisfactory, in as much as the wind cannot possibly 
be uniform, whereas the fact of the higher tides during the day in one 
monsoon, and during the night in the other, is beyond doubt ; besides, the 
latter is very much more that* the former, being as much as two feet, 
whereas the former is seldom more than one foot. The night tides in the 
north-east monsoon are also more uniform in this respect, than the day 
tides, in the south-west monsoon. 

Should it appear from future observation that the wind be the cause, 
it will prove that the depressing eflect of the northerly wind, has much 
more influence uiran the tides, than the increase by the southerly ones ; or 
it may be, that the absence of the wind leaves the tide more freedom to 
act. 


I come 
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I come now to general causes. 

* 

The horizontal parallax of the moon invariably affects the tides ; when 
that is high the tides are high, and vice versa, ^to such a degree of correct- 
ness, that allowing for local causes, I could venture to construct a table for 
a year in advance, that should not vary two inches, from the actual tides. 

When the parallax is highest, on the second, or third day, after the 
full or change of the moon, the highest tide will correspond with these 
days, as that is the natural period of its greatest height ; should the pa- 
rallax be decreasing, the highest tide will be on the day of the full, or 
change ; and should the parallax be decreasing, and near to its lowest, and 
increase again, after the natural period has passed, the highest tide will 
be on the fourth day, after the full or change, of the moon. 

The difference of effect between the high or low parallax of the moon, up- 
on the height of the tides, is about two feet, frequently much more ; and as its 
variation, as to the time, is shown to be four days, this is of importance to all 
mariners, as enabling them, in cases of danger, to ascertain by their Nauti- 
cal Ephemeris, the true state of the tides. No longer need they trust to the 
partial observation and equally partial theory founded thereon of Pilots 
and seamen, most of whom have a notion that the dark spring tides are 
always the highest, that the night tides are higher than the day tides, and 
that the highest tide must always occur on the second or third day alter 
the full, or change, whereas the parallax of the moon will effectually 
supercede this uncertainty, and either warn a mariner with his bark on 
a shoal not to wait till the second day, and lose the springs, or save him 
from despair, because these days may have passdd, and induce him to wait 
with confidence till the fourth day, after the full, or change, for the highest 
tide, as the case may be. 
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The parallax of the moon will assuredly indicate the height of the 
tides all over the world; this general cause, therefore, must be ap^icable 
at all places. 

The following abstract*will be useful, as conveying a general .sum- 
mary of the tides, of the Hoogly. 

From the point of lowest low water in the dry season, to that of the 
highest high water in the freshes, is twenty feet ten inches. 

The greatest mean rise of tide from low to high water mark, takes 
place in March, April, and May, and is fifteen feet ten inches. 

The greatest mean rise of tide from low, to high water mark, in the 
freshes, is ten feet. 

The smallest mean rise of tide takes place in the freshes, and is at 
neap tides, only three feet six inches. 

The smallest mean rise of the tide in the dry season, neap tides, is 
four feet. 

From the lowest fall of the river, to high water mark, neap tides, in 
February, is eight feet. 

From the lowest fall of the river to low water, in the freshes (neap 
tides,) is twelve feet.* 

. The 

• During the inundation in September, 1883, the low water stood at eighteen feet six inches, 
the tide having ebbed only dUeen inches bn that day. The difference between this low water, and 
the high water (neap tides in February ■, viz. eight feet,) is ten feet six inches ! ! 
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The rirer is at its lowest, in the beginning of March. 

The river is swollen by the freshes in July, August, and September, 
and part of October. 

The freshes take off about the middle of September, and are gene- 
rally out of the river, by the end of October. 

At the beginning of November, although the freshes are out of the 
river, it is upwards of three feet higher at low water, than in March. 

The river is in the most quiescent state, during the months of Novem- 
ber, December, January, and February ; during these mouths the night 
tides are higher, and more rapid than the day tides, and there are, on some 
occasions, bores at night. 

The strongest flood tides, and the greatest mean rise of the tides, are 
in March, April, May, and June. The day tides in these months, are 
higher, than the night tides. 

^ The strongest freshes are in September. 

In July, the strength of the flood tides is counteracted by the freshes, 
and this, therefore, is a moderate month, as regards tides. The bores 
also are moderated as a consequence. 

In August, the flood tides are overcome by the freshes, and the bores 
are moderate ; should there be a high parallax of the moon, however, the 
great height of the sea, in this month, will cause a considerable bore. 

3 w In 
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In September, the freshes are at their height, there is no visible tide 
off Calcutta, the ships do not swing up, and the river water is perfectly 
sweet, far beyond Saugor in the open sea. The high parallax of the 
moon at the equinoxes, with the great height of the sea, produces a heavy 
bore in this month. 


The Bores. 

The bores in the Hoogly occur only on the highest, or at alternate 
spring tides ; their appearance may, with certainty, be predicted by the 
season of the year, and the parallax of the moon. During the months of 
November, December, January, and February, or on the periodical ebb 
of the sea, when the currents arc setting down the Bay, the tides, as may 
be supposed, are languid, and consequently, during this period, there are 
no bores.* • 

« 

As soon as the south-west monsoon sets the currents up the Bay, 
the sea begins to rise, the tides become strong and high, and bores follow 
in their train ; whenever tho parallax of the moon is high on the springs 
during the south-west monsoon, bores will certainly make their appear- 
ance, and when strong southerly winds wre added, and freshes withheld^ 
the height of the bores will be increased. 

It 

* Except very rarely— In twenty-two years I have known but three inatances. Agreeably to the 
Statement of local couses which accelerate or depress the tides, it will be obvious that during the north- 
east monsoon, if the winds which blow the waters down the Bay, be more than usually moderate, and 
the moon's parallax be high, there may be a high tide, and with it a bore, and this, agreeably to the 
third local cause, will happen at night. These night bores are particularly dangerous, as they are 
very rare and, consequently, unexpected. Theymay.be guarded against, by always considering it 
possible for them to occur during the north.east monsoon at night, upon a high parallax of the moon. 
Agreeably to the same local cause, it is fortunate that the bores at night, during the south-west 
monsoon, ate not so high, as in the day. 
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It'must be remembered that the height of the bore, is actuated by the 
■ peculiar form of the sands, and the direction, and set of the tides, in any 
particular reach of the river ; for instance, where the channel is straight, 
with deep water, from side to side, and no sand-bank, there will be no bore 
at any time ; but a mere swell on the coming in of the tide. This is the 
case at the lower part of Garden Reach, opposite the Botanic Garden. 
This is the case also off Calcutta, at Howrah Ghaut, where the back chan- 
nel having lately filled up, the main channel is now confined between 
high banks. It is only where the main channel lies on one side, witli a 
low sand on the other, that the bore shews itself upon the latter. This, a 
very few years ago, was the case opposite to Calcutta, and there was, at tliat 
time, an enormous bore, but which, as above explained, exists no longer. 


END OF PART I. 
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No. I. 

List of the Donors and Donations to the Physical Committee of the Asiatic 
Society^ from 11 /A February 1820, to 20th May, 1829. 


J. Adam, Esq. — Three well-preserved Specimens of the Mantis Insect. 

Major Beatson. — Some Specimens of the prevfiiling Rocks about Simlah. 

m 

Capt. W. Bruce,— a Bottle of Hot Water from the Hot Springs at the foot of ^he 
Attaram Hills, in the Province of Tenasseram. 

Some Mineral Specimens from Persia, the Coast and Islands of the Gulf of Per- 
sia, and also some from the Coast of Tenasseram, Some Minerals collected in a 
Journey along the Hills of Rotas Ghur and Sasseram. 

% 

J. Calder, Esq. — A Series of Specimens illustrative of the Secondary Rocks, containing 
Organic Remains from the neighbourhood of the Giants^ Causeway in Ireland j 
and also a Specimen of two very perfect Joints from one of the Basaltic Columns 
of the Causeway. A singular Species of Mollusca, from the Coast of Ceylon. 

Capt. Coulthard. — A Series of Specimens from Saugor, and its adjoining Districts. 

Dr. DulifCAN.— Some Fossil Bones of an Elephant, found in the river near Culpee. 

Lieut. J. Finnis. — Specimens of the Minerals in and near the Coal Mine at Hassinhabad. 

Capt. Jas. Franklin.— An extensive Series of Oeolc^cal Specimens from Bundelcund, 
Boghelcund, and the Districts of Saugor and Jubbulpore. 

S X 
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Dr. Govan.— First and Second Selections of Specimens from th^ vicinity of Simlah. A 
third Selection of Specimens from the Himalaya ran^e. Some Organic Remains 
from the bed of the Sutlege. Additional Specimens from the Hill Provinces. 

Dr. J. Grierson* — A well-preserved Specimen of the Long Ear*d Bat (Nospertilio Auritus). 

♦ 

J, Hardie, Esq.— Some Specimens of the Rocks near Diana. Mineral Specimens from 
Central India. 

CoL. Hodoson. — A Geological Map of England. 

Mr. Leslie. — Drawings of a Doe and of its Skull. 

Mr. Lewis. — Some Specimens of Rock (granite) and Earth from the top of Mount Ophir, 
Malacca. 

R. RosE) Esq. — A Collection of Geological Specimens made during a Survey of the Roads 
from Midnapore to Sumbulpore, and from thence to Cuttack and Balasore. 

Dr. Royle. — A Series of Specimens illustrative of the Districts of Rajpoor, Mussooree, &c. 

Mr. Smith. — Specimens of Lithographic Printing from Captain Franklin’s Lias Limestone 
of Bundelcund. Specimens of Lithographic Printing from Stones sent down 
from Agra by Lieutenant J. F. Boileau. An Impression from a Rotus Stone, 
sent by Lieutenant J. Thomson. 

Dr. P. F, Strong.— Specimens of Peat Earth from a large Tank on the Dum Dum Road. 
Specimens of the Clay obtained in repeated borings in and near the Salt Water 
Lakes, Calcutta. 

Lieut. J. Thomson. — A Series of Specimens from the vicinity of Gyah and Rotus Gurh. 

Mr. Walters^A Box of Minerals from the Cossiah Hills. 

Mr. Wand. — Specimens of the Calcareous Deposit found about the Hot Spring in 
Bencoolen. 
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No. 11. * 

INSTRUCTIONS FOR COLLECTING GEOLOGICAL SPECIMENS.* 


It so often happens that specimens sent from distant places, by persons unpractised in geology 
fail to give the instruction which is intended, from the want of attention to a few necessary pre- 
cautions, that the following directions may perhaps be useful to some of those, into whose hands 
these pages are likely to fall. It will be sufficient to premise, that two of the principal objects of 
geological inquiry, are, to determine,— Ist, the nature of the materiaU of which the earth is com- 
posed ; and, 2ndly, the relative Order in which these materials are disposed with respect to each 

other. 


1, Specimens of rocks ought not, in general, to be taken from loose pieces, but from large 
in their native place, or which have recently fallen from their natural situation. 


2. The specimens should consist of the stone unchanged by exposure to the elements, which 
sometimes alter the characters to a considerable distance from the surface. -Petrifactions, however 
are often best distinguishable in masses somewhat decomposed : and ate thus even rendered visible, 
in many cases, where no trace of any organised body can be discerned in the recent fracture. 

3. The specimens ought not to be too small.-A convenient size is about three inches square, 
and about three-quarters of an inch, or less, in thickneys. 


4 It seldom happens that large masses, even of the same kind of rock, are uniform through- 
out any considerable space , so that thir general character is collected, by ^ologbts “ 
rocks in their native places, from the average of an extensive surface:-, colle^ion ought th^fom 

to furnish specimens of the most characteristic varieties j-and rnoH *7* sLe’s of 

psnera/, tJthe moHinstrvetive. -Where several specimens are taken from the same pl«!e, a senes of 

numbers should be added to the note of their locality. 


* From the Appendix to Captain P. P. King’s « NarraUvo of a Serve, 
, Coast of AustraUa;” by WUllam Henry Fitton, M.P., F.R.8., V.P.0.8. 


of the Inter*troplc»l and Western 
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5 One of the mort advantageous situations for obuining specimens, and examining the rela- 
tions of rocks, is in the sections afforded by cliff, on the sea shore , especially after recent falls of 
large masses. It commonly happens that the beds thus exposed are more or less inclined ; and in 
this case, if any of them be inaccessible at a particular point, the decline of the strata will frequent y 
enable ihe collector to supply himself with the specimens he wishes for, within a short distance. 
Thus, in the subjoined sketch, which may be supposed to represent a cliff of considerable height, 
the observer being situated at «, the d, though inaccessible at that place, may be examined 

with ease and security, where they successively come down to the shore at b', o', and d’. 



6. To examine the interior of an unkno^rn country, more skill and practice are required : 
the rockg being generally concealed by the soil, accumulations of sand, gravel, Ac., and by the 
vegetation of the surface. But the strata are commonly disclosed in the sides of ravines,— in 
the beds of rivers and mountain-streams; and these, especially where they cross the direction 
of the strata, may be made, by careful examination, to afford instructive sections. 

7. Among the occasional components of the strata, the remains of organized bodies, — shells, 
corals, and other zoophytes,— the bones and teeth of animals,— fossile wood, and the impressions of 
vegetable stems, roots, or leaves; Ac., are of the greatest importance ; affording generally the most 
marked characters of the beds in which they occur.— These should, therefore, be particularly sought 
after, and their relative abundance or rarity in , different situations noticed. The petrified bodies 
should, if possible, be kept united with portions of the rock or matrix in which they are found ; and 
where they are numerous,— in sand, clay, or any moist or friable matrix,— it is in general better to 
retain a large portion of the whole mass, to be examined afterwards, than to attempt their separation 
at the time of collecting. 

8. The loose materials which are found above the solid rocks, in the form of gravel, silt, rolled 
pebbles, Ac., should be carefully distinguished from the solid strata upon which they rest. And the 
more ancient of these loose materials, found on the sides or summits of hills, Ac., should be distin- 
guished from the recent mud, sand, and gravel, brought down by land-floods, or by rivers. The 
bones and teeth of animals are not unfrequently found in the more ancient gravel ; and the col- 
lection of these remains from distant quarters of the globe, is an object of the greatest interest to 
geology. 


9. Besides a note of the locality, there ought, if possible, to accompany every tpecimen, a short 
notice of its geological circumstances ; as— 

Whether it be found in large shapeless massei, or in strata ? 
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If in 8trftt8)«~wh&C flr© the thickness^ inclin&tion to the horizon) &nd direction with respect to 
the compass, of the beds?— [If these cannot be measured, an csfimafe should always be recorded, 
while the objects are in view.]— Are they uniform in dip and direction ?— curved, or contorted ?~ 
continuous, or interrupted by fissures or veins ? 

Is the whole cliff, or mass of strata in sight, of uniform composition ?— or does it consist of 
different kinds of stone ? 

If the strata be different,— what is the order in which they are placed above each other 
successively ? 

10. A hbdi distinctly written, should accompany every specimen, stating its native place, its 
relative situation, &c. &c. And these labels should be connected with the specimens immediately, 
on the spot where they are found*.— This injunction may appear to be superfluous; but so much 
valuable information has been lost to geology from the neglect of it, that every observer of experience 
.will acknowledge its necessity ; and it is, perhaps^ in practice one of the most difficult to adhere to. 

11. A tkeUHh of a coast or cliflT, however slight, frequently conveys more information respecting 
the disposition and relations of rocks, than a long memorandum. If numbers, denoting the situation 
of the specimens collected, be marked uj^on such sketches, much time may be saved at the moment 
of collecting. But in all such cases, the memorandum should be looked over soon afterwards, anti 
labels distinctly explaining their situation, Ac., be attached to the specimens themselves. 

12. Tlie specimens should be so packed, that the surfaces may be defended from exposure to 
air, moisture, and friction : for Vhichr purpose, if strong paper cannot be obtained, dry mo8s,f or 
straw, or leaves, may be employed.;!: Where paper ra iised, feyr wrapping the specimens, they are 
best secured by fastening the envelope with sealing-wax. * 

Lastly, The collector must not be discouraged, nor be prevented from collectings by Bnding 
that the place which he may chance to visit in a remote situation, has not a striking appearance, or 
the rocks within his view a vely interesting character ; since it frequently, and even commonly, hap- 
pens, that facts and specimens, in themselves of very little importance, become valuable by sub- 
sequent comparison ; so that scarcely any observation, if recorded with accuracy, will be thrown 
away. 


* It is useful to mark on the labels the day, and even the hour, when each specimen is collected. This, with 
a corresponding note in the memorandnm-book, will be found to assist the memory, and prevent confusion. 
Besides the label attached to the specimen. It is a very necessary precaution in India, to describe the locality, Ac., 
of the specimen on a separate slip of paper, to be well doubled op and enclosed in the same wrapper with the 
specimen. 

t Cotton, wool, or sunn. 

i Kalajeera seeds, or ponnded spices, should be scattered amongst the parcels to preserve the laheb and 
wrappers from insects. « •'i'' * 



VI 


APPENDIX. 


The ImifumnUi required by the geological traveller will vary, according to the acquirements 
and specific objects of the individual. The most essential are 

The Hammer / which, for general purposes, may be of the form here represented 



The head should be of steel well tempered, about 4 inches from the face to the edge, and 1 J inch 
square in the middle ; the face flat, and square, or nearly so ; the edge placed in the direction of the 
handle. The orifice for the insertion of the handle oval, a very little wider on the outer side than 
witliin; its diameters, about 1 inch vertically, and across; the centre somewhat more than JIJ 
inch from the face. The handle should be of ash, or other tough wood ; not 'less than 16 inches 
long; fitting tight into the head at its insertion, without a shoulder; and increasing a little in size 
towards the end remote from the head, to prevent its slipping.— It should be fixed in the head by 
means of a tliin, barbed iron wedge* 

For trimming specimens, smaller hammers may be employed:— The form of the bead, recom- 
mended for this purpose by Dr. MacCulloch% is rectangular. The dimensions of the face may be 
1 inch by J ; the height 

ll wilf Us expedient to have always some hammers, (or at least the heads,) of different sizes, 
in reserve. 

« 

A small miner's pick is useful for cutting out, and splitting portions of slaty rocks ; or for ob- 
taining specimens of clays, Ac. 

A small stoneeuOer's (Aim/.— A chisel with a handle, of the form here represented, will often 
save the hand of an inexpert collector, and better enable him to direct his blow. 




^Ontke/ormiifMit 


Qairtarly Joarntl, (R. Intt.) vd. xi. 1811, p. 1, Ac. 
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For Parting ih/B A stock of strong paper.^ Smlwg-vm. WriHng-pfg^^ cut 

into lahBli, Thick gvim-waiUrf to cement the labels to the 8pecuneDs.f 


For the ConveyancB of qteeiment.'^A large bag of leather, with straps for the shoulders. 
Strong canvas hags, of emaUer size, are^ery convenient for subdivision and arrangement.— For the 
protection of crystals, or delicate petrifactions, Ac., wo(d or cotton are necessary ; and small foooden 
boxes (like those used for holding wafers) are sometimes required. Fof distant carriage, strong 
wooden boxes, disks, or baskets* 

The following are either essential, or useful in various degrees, for obtaining and recording 
observations. 

Potdset Memarandum^Books, of sufficient size to admit sketches. 

A Pocket Compass* 

, A Measuring^tape, of fifty feet, or more. 

A TeUecome* 

Camera Lvcida* 

*A Box of Colours* 


■ The be.t Map* .houl4 el^ay. be sought for:-And. the true economy to the traveller being 
that which saves time, it is best to mark, or,oven to colour the map, in the field. Notes mserted on 
imperfect mi^is, or deduced afterwards from memoranda, are leu authentic! and the proceu is 
frequently neglected. ^ 


Pwlabk-Baromelert, with detached thermometers! are desirable ! and the best iAtruroents are 
ultimately the cheapest. But, unfortunately, barometers of every ronstruction are very eawly 
damaged or deranged.-Minute accuracy, howev(^^ in the determinatioo of heights, though very 
interesting to physical geography, is comparatively of Btfle>spqrttnce to the geologist. 


. If the coUector be a surveyor, he wUl know best to what purposes a P^Se^, or a smoti 
neodoOe, is applicable:— the measurement of distanoes,— of heights,— and of the mcUnatio^o^ 


Strata, Ac. 


• strong EnglWl brown paper ta prefcrnW. to «iy other i. no insect, will .tt«!k it. 
t If pute U nsed, .ny esunc. added to It wUI preserve it from mildewing. 



Id Paper IX. by H. PiDDrNGTON, Etq. 

Page 171| last liae but one, for << shaggy," read slaggy. 

** the last line, for or obarcoal," read on charcoal, 

« 172, sixth lino irom bottom, for « Lime, with a trace Mag." read Lime, with a 

trace Magnesia. 

** ** two lines lower down, for ** 5950 Iron" read 59-50, &o. 

« 17l, tenth line from the top, for ^Lime Phosphate Iron" read Lime and phosphate Iron. 


: * ^ ^ iil ***• HuttiwuMi. 
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